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ABSTRACT
In northeastern Alaska, muskoxen have been most often found in 
riparian habitats and proximate uplands. Vegetation was studied in 
nine adjacent river drainages; six of the drainages are regularly used 
by muskoxen. Twenty-two vegetation/land cover types were described 
using aerial photographs, point-intercept sampling, and ocular cover 
estimates. The proportion of each cover type was estimated for each 
drainage and compared among drainages by MANOVA. There was no 
significant difference among non-muskox drainages in the average 
proportion of cover types. A marginally significant difference was 
found among muskox drainages. There were no significant differences in 
the proportions of each vegetation type in non-muskox drainages versus 
muskox drainages. Five vegetation types associated with high forage 
quality and availability and low snow accumulation were often used by 
muskoxen. Four of these five vegetation types typically had <7% cover 
in the nine drainages and are critical habitat components in 
northeastern Alaska.
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INTRODUCTION
In 1930, muskoxen (Ovibos moschatus) from Greenland were 
transplanted to Alaska where they were held in captivity in College, 
Alaska. In 1935 and 1936, 31 of these muskoxen were released on 
Nunivak Island, Alaska. Subsequently, there were two transplants of 
muskoxen from Nunivak Island to the northeastern coast of Alaska, in an 
effort to reestablish muskoxen in historical range areas (Burris and 
McKnight 1973). Fifty-one muskoxen were released during the first 
transplant in 1969 on Barter Island (Griffin 1969, in U.S. Fish and 
Wildlife Service (USFWS) 1986), and in 1970, an additional 13 muskoxen 
were released at the Kavik River, 130 km west of Barter Island 
(Jennings and Burris 1971, in USFWS 1986). Muskoxen were also 
transplanted from Nunivak Island to three sites in northwestern Alaska: 
23 on Nelson Island between 1967 and 1968 (Alexander et al. 1968 and 
Jennings 1969, in Grauvogel 1984), 36 at Cape Thompson, and 36 on the 
Seward Peninsula (Jennings and Burris 1971, in Grauvogel 1984). The 
Cape Thompson area (Point Lay) received 35 additional muskoxen in 1977, 
and the Seward Peninsula received an additional 35 muskoxen in 1981 
(Nelson 1982, Grauvogel 1984). Muskoxen have also been established in 
West Greenland, northern Quebec, Norway, Sweden, and the Soviet Union 
as a result of transplants. East Greenland and northern Canada have 
been the direct or indirect sources of these muskoxen (Gunn 1984, Lundh 
1984, Thing et al. 1984, Uspenski 1984).
1
Upon introduction of muskoxen into a new area, generally there is 
an initial period of slow population growth when muskoxen disperse, and 
eventually localize and become established. On Nunivak Island, the 
original population of 31 muskoxen in 1936 had increased to only 61 in 
1950 (Spencer and Lensink 1970) despite restricted dispersal due to 
their insular location. The Seward Peninsula and the Cape Thompson 
populations were slow to show any marked increase (Grauvogel 1984). In 
northeastern Alaska, losses among the released muskoxen were initially 
high due to death or dispersal to Canada or south of the Brooks Range 
(Reynolds and Ross 1984). The animals had dispersed so widely in the 
early 1970s that the presence of sufficient numbers for successful 
establishment was questioned (Burris and Mcknight 1973). In 1979, 9 
years after the final transplant in northeastern Alaska, the population 
had increased to an estimated 112 muskoxen (Reynolds et al. 1985).
Following the initial phases of slow growth, muskox populations in 
Alaska increased rapidly. The Nunivak population grew to 620 by 1966 
(Bos 1967). Survey data from the Arctic National Wildlife Refuge 
(ANWR) in northeastern Alaska, and from the Seward Peninsula, reflect 
high productivity levels in recent years. Jingfors and Klein (1982) 
have estimated 0.89 calves per cow for the Sadlerochit subpopulation in 
the ANWR in 1979; and 0.92-1.00 and 0.79 calves per cow in 1979 and 
1980, respectively, for the Black Mountain group on the Seward 
Peninsula. The ANWR population has grown rapidly since 1974. Between 
1974 and 1984, the mean annual rate of increase was 26%, apparently due 
to both high productivity and low mortality (Reynolds et al . 1985).
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Several additional factors could be contributing to the high rate of 
increase, including favorable winters, early sexual maturity, abundant 
and high-quality forage, increased group cohesiveness, and low 
predation (Bos 1967, Jingfors and Klein 1984).
Muskoxen are gregarious, with the group generally acting as a 
unit. Smallest groups occur during the rut in late summer, and the 
largest aggregations occur during pre-calving and winter (Bos 1967,
Gray 1973, Jingfors 1980, Reynolds et al. 1985). Muskox distribution 
and movements are largely influenced by seasonal changes in habitat 
conditions (Tener 1965, Bos 1967, Spencer and Lensink 1970, Gray 1973, 
Parker and Ross 1976, Jingfors 1980, Jingfors 1982, Gunn 1984, Thing
1984). In winter the groups are more stationary than in spring and 
summer, and may remain in the same location for several days (Tener 
1965, Reynolds et al. 1985). In spring and summer, movements of a few 
kilometers per day are typical, with exceptional daily movements of 
25 km (Reynolds et al. 1984).
Habitat selection by muskoxen is related to many factors, 
including avoidance of predators, proximity to escape terrain, freedom 
from insects, protection from adverse weather, and food quality and 
availability (White et al. 1981). Studies of muskox habitat in Alaska 
have been conducted on Nunivak Island (Bos 1967, Lent 1974), Nelson 
Island (Smith 1981), and along the Sadlerochit River in the ANWR (Robus
1981). Outside Alaska, muskox habitat has been described in the 
Canadian High Arctic and Northwest Territories (Tener 1965, Hubert 
1974, Wilkinson et al . 1976), Greenland (Thing 1984), Wrangel Island
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(Uspenski 1984), and the Taimyr Peninsula (Rapota 1984). Within a 
broader region of use, muskoxen tend to use areas on a seasonal basis 
(Parker and Ross 1976, Jingfors 1980, Gunn 1984, Rapota 1984, Reynolds 
et al. 1985). In general, muskox summer habitat is centered around 
water courses and valleys where vegetation is more diverse and/or 
productive than the surrounding terrain. Winter habitat is associated 
with minimal snow cover and maximum vegetation availability 
characteristic of windblown terrain. Calving grounds and areas used in 
late winter tend to be elevated, south-facing sites with shallow snow, 
where the first new-growth forage becomes available.
Descriptions of habitat and vegetation on the North Slope of 
Alaska are often based on moisture regimes, topography, and dominant 
plant species (Spetzman 1959, Komarkova and Webber 1980, Markon 1980, 
Walker et al. 1980, Robus 1981). In a comprehensive survey of the 
ANWR, Walker et al. (1982) identified 26 vegetation categories using 
Landsat imagery and ground-truthing. Within this same area, Robus
(1981) described muskox habitat and associated vegetation types along 
the Sadlerochit River where the first large aggregations of muskoxen 
were observed following the 1969 and 1970 reintroductions. Robus 
identified three habitat types (Riparian, Mesic Tundra, Dry Tundra), 
each comprised of two or more vegetation types. Muskoxen showed 
differential use of each vegetation type, a preference for Riparian and 
Dry Tundra habitats, and avoidance of Wet Sedge Meadow and Heath 
Polygon vegetation types (Jingfors 1980, Robus 1981).
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STUDY OBJECTIVES
This study elaborates on the work of Robus (1981) and adapts the 
vegetation description scheme of Walker et al. (1982) to evaluate nine 
areas in the ANWR with respect to muskox use. The four major 
objectives of this study were:
1. to describe the vegetation of six drainages used by muskoxen and
three drainages not used by muskoxen in the ANWR;
2. to determine if there are differences in the frequencies of
vegetation types along rivers used and not used by muskoxen;
3. to assess trends in muskox diets in northern Alaska by comparing 
results from microhistological analyses of fecal samples collected 
from the ANWR, Nunivak Island, and Seward Peninsula; and
4. to characterize critical muskox habitat by examining
interrelationships between muskox distribution and habitat 
characteristics (vegetation, topography, snow, food quality, and 
availability).
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STUDY AREA DESCRIPTIONS AND MUSKOX DISTRIBUTION
The nine study areas are in northeastern Alaska in the Arctic 
National Wildlife Refuge (ANWR) (Fig. 1). In the broadest sense, the 
region of interest is bounded by the Canning River to the west and the 
Kongakut River to the east, the Beaufort Sea to the north, and the 
Brooks Range to the south. The study areas lie in the White Hills 
section of the Arctic Coastal Plain (Wahrhaftig 1965). Few shallow 
lakes occur in the study areas and permafrost is continuous. The 
uplands are underlain by poorly consolidated Tertiary and Cretaceous 
shale, siltstone, and sandstone bedrock, with outcrops along the 
Tamayariak and Niguanak rivers and in the area of Marsh and Carter 
creeks. Principal soils in the study areas are Pergelic Cryaquolls and 
Pergelic Cryaquepts (Everett 1982). The study areas are within three 
topographic units identified by Walker et al . (1982): Hilly Coastal 
Plains, Foothills, and River Floodplains (Figs. 2-4). The following 
descriptions of the topographic units are summarized from Walker et al.
(1982).
The Hilly Coastal Plains stretch inland from the coast between the 
Hulahula and Angun rivers. They are typified by gently rolling tussock 
tundra, thaw-1akes, and pond complexes. Stream drainages are well 
defined. The vegetation is a combination of moist and wet types found 
in the Foothills and the Flat Thaw-Lake Plains. Elevations range from 
approximately 30 to 100 m.
6
7Fig. 1. Rivers of the coastal plain in northeastern Alaska:
(1) Kavik (2) Canning (3) West Tamayariak (4) Tamayariak 
(5) Katakturuk (6) Sadlerochit (7) Hulahula (8) Okpilak 
(9) Jago (10) Okerokovik (11) Niguanak (12) Angun 
(13) Kongakut. Study areas were located along rivers 
(3) - (11).
8Fig. 2. Study areas along the Jago, Okerokovik and Niguanak
rivers. Muskoxen are rarely seen near the Jago River 
and consistently use the Okerokovik and Niguanak 
study areas.
9Fig. 3. Study areas along the Sadlerochit, Hulahula and Okpilak rivers. 
Muskoxen consistently use only the Sadlerochit study area.
Fig. 4. Study areas along the West Tamayariak, Tamayariak and Katakturuk rivers. 
Muskoxen consistently use all three study areas.
I—4
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The Foothills lie mostly west of the Sadlerochit River and extend 
from Camden Bay to the Sadlerochit Mountains. The area is typified by 
rolling and plateau-like uplands. Well-drained moist vegetation types 
dominate the Foothills. The elevation range is from approximately 90 
to 400 m.
The nine rivers associated with the study areas are mainly in the 
River Floodplain unit. In addition to the water channels (present and 
abandoned), there may be one to several terraces within the floodplain. 
Frequently flooded terraces are unvegetated or partially vegetated 
gravels and fine substrates. Older terraces are generally well 
vegetated. Bluffs or low escarpments often mark the edges of the river 
terraces. The general direction of flow of the rivers is from south to 
north. Breakup occurs in late May and early June, and most of the 
runoff occurs in a two- to three-week period.
As one proceeds north from the foothills of the Brooks Range
toward the Arctic Coast, summer temperatures tend to be lower and foggy
days more frequent. Snow melt is delayed and the growing season is 
shorter. The coast is generally floristically poor. Conversely, 
proceeding south from the coast, plant species diversity increases, as 
well as shrub height (Walker et al. 1980).
Muskoxen in the ANWR range from the Arctic Coast to the foothills
of the Brooks Range. As early as 1972, groups of muskoxen in the ANWR 
were distributed near three rivers, the Tamayariak, Sadlerochit, and 
Okerokovik (Burris and McKnight 1973, Reynolds et al . 1985). This 
distribution existed at the time of this study (1982-1985). Tamayariak
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and Sadlerochit muskoxen appear to belong to the same subpopulation and 
Okerokovik muskoxen belong to another subpopulation (USFWS 1986).
Each study area is unique with respect to topography and muskox 
use. The nine study areas and a brief recent history of use by 
muskoxen are described below. The sources for the muskox sightings 
reported below are Reynolds et al. (1983, 1984, 1985). Detailed 
information on muskox population dynamics in the ANWR is provided in 
Reynolds et al. (1985).
Niguanak
The Niguanak floodplain is narrow for all of its length. The 
river does not originate in the Brooks Range but is confined to the 
Foothills and Hilly Coastal Plains regions of the ANWR. Without a 
glacial source, the flow of water in the channels is low during summer. 
Tributaries lie in narrow valleys or ravines and are often sites of 
late-lying snow, solifluction slopes, or string bogs. Western 
tributaries of the Niguanak River drain areas within 1 km of the 
Okerokovik River.
Most of the study area is in the Hilly Coastal Plains unit, but 
the southern extent of the Niguanak study area lies in the Foothills 
unit (Fig. 2). The river is bounded by steep slopes. Late-lying snow 
is found throughout summer along some of the steeper escarpments. The 
Niguanak Hills are approximately 70 m higher than the adjacent river 
valley and are located west of the river and approximately 25 km from 
the Arctic Coast. The elevational range for the Niguanak study area is
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from approximately 20 to 160 m, a difference of 140 m.
In 1982 and 1984, muskoxen were found in the Niguanak Hills during 
peak calving in May (Reynolds et al. 1983, 1985). From July to October 
they have tended to use the southern extent of the Niguanak study area  
in conjunction with the Okerokovik and Angun drainages (Reynolds et al. 
1985).
Okerokovik
The Okerokovik River is a tributary of the Jago River (Fig. 2).
It joins the Jago River approximately 35 km from the coast. The 
Okerokovik channel bifurcates, creating a large island of approximately 
7 km2. Aufeis develops southeast of the island where the channels 
separate. River channels are braided, and the floodplain is broad 
south and southeast of the island. The active floodplain is narrow 
along the rest of the river in the study area. Escarpments are 
present, particularly along the channel north of the island and on the 
eastern side of the upper stretches of the river.
Uplands adjacent to the Okerokovik River are categorized as Hilly 
Coastal Plains northeast of the river and as Foothills in the southern 
part of the study area. The topography along the northern section is 
similar to that in the Jago study area. The elevational range within 
the Okerokovik study area is from 90 to 230 m, a difference of 140 m.
The Okerokovik drainage is used by muskoxen primarily during 
summer and fall. Muskoxen are frequently sighted on the broad riparian 
terraces of the Okerokovik River surrounding the aufeis and island, and
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in willow thickets south of the island. Muskoxen have also been 
observed foraging on escarpments along the Okerokovik and resting on 
late-lying snowbeds at the base of the escarpments. Winter range is 
generally north and east of the Okerokovik study area. Both the 
Okerokovik and Niguanak drainages are part of a larger area extending 
to the Angun River that is used by one subpopulation of muskoxen, 
estimated at 60 to 70 animals (Reynolds et al. 1985).
Jago
The Jago River is of glacial origin, and it is periodically turbid 
with glacial silt during summer. In addition to flooding during spring 
breakup, the river is subject to summer flooding due to glacial melt 
and runoff at the headwaters of the Jago River. The floodplain is 
broad with more than one major channel during summer. Steep, barren 
cliffs are an outstanding feature along the west side of the river. 
There are vegetated escarpments on both sides of the river. Late-lying 
snow is found at the base of these steep slopes during summer.
The 80-m elevational change (60 to 140 m) in the Jago study area 
is the smallest elevational change of the drainages studied. The 
uplands surrounding the Jago River are primarily of the Hilly Coastal 
Plains topographic unit (Fig. 2).
Between 1969 and 1983, muskoxen were sighted only three times near 
the Jago River. None of these sightings were within the Jago study 
area. In 1984 and 1985, bulls and mixed-sex groups were seen near the 
Okerokovik confluence with the Jago River, but there is no evidence
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that mixed-sex groups consistently use the Jago study area.
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Okpilak
The Okpilak River has a narrow floodplain for most of its length. 
The mouth of the Okpilak lies close to the mouth of the Hulahula River, 
and the deltas converge at the coast (Fig. 3). The Okpilak River is 
glacial in origin, and its waters are periodically turbid during 
summer. It is subject to spring and summer flooding. Escarpments abut 
the floodplain. The most extensive of these are on the east side of 
the river and are areas of late-lying snow during summer. Hilly 
Coastal Plains border the floodplain on the east and northwest sides of 
the river. Foothills are found in the southwest section of the Okpilak 
study area. The elevational change in the study area is 110 m, from 40 
to 150 m.
There was one sighting of muskoxen in the vicinity of the Okpilak 
River between 1969 and 1983. This sighting was outside the study area, 
between VABM Caribou and the Okpilak River. It is apparent from the 
movements of radiocollared muskoxen that bulls occasionally cross the 
Okpilak as they move between the Sadlerochit and Okerokovik drainages.
Hulahula
The Hulahula River originates in the Brooks Range. It occupies a 
wide floodplain as it leaves the foothills and moves onto the coastal 
plain (Fig. 3). The floodplain consists of a complex of braided 
streams, abandoned channels, and recent and older river terraces. Due
to its glacial origin, the river water is turbid, and intermittent 
flooding continues into summer. The Hulahula River appears to have the 
deepest channel of 7.2 ft (2.2 m) mean depth and greatest discharge of 
23,000 ft^/s (644 m^/s) of the nine rivers included in this study 
(USFWS 1982).
Muskoxen (individuals and small groups) are occasionally sighted 
along the Hulahula River. In April 1982, a group of 25 was located 
south of the study area. Muskoxen have also been seen in the middle 
and northern portions of the study area. As of 1985, no mixed-sex 
groups had become established along the Hulahula River, but small 
groups of bulls may use an area south of the study area, along the 
river.
Sadierochit
The main channel of the Sadlerochit River emerges from the south 
side of the Sadlerochit Mountains. The large Sadlerochit Springs are 
located in the northeastern Sadlerochit Mountains and are open and 
flowing year-round (Jingfors 1980). Aufeis develops north of the 
springs. Itkilyariak Creek is a major tributary of the Sadlerochit 
River, draining the northeastern end of the Sadlerochit Mountains and 
the springs (Fig. 3). Lakes near the headwaters of the Sadlerochit 
River stabilize the flow of water during summer such that midsummer 
flooding is minimized in comparison to other glacial-fed rivers 
originating in the Brooks Range.
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The floodplain is comprised of braided channels and broad river 
terraces that are partially to well vegetated. Willow thickets and a 
diversity of forbs are characteristic of the floodplain. The terrain 
to either side of the floodplain has been classified as Foothills.
Only the most northern extent of the study area includes the Hilly 
Coastal Plains unit. Escarpments along the river are low. This study 
area lacks the bluffs and ridgetops found along several of the other 
rivers. The elevational change in the study area is from 35 to 255 m 
(220 m total).
The Sadlerochit drainage was the site of the first consistent 
sightings of muskoxen following their reintroduction to northeastern 
Alaska. Since fall 1983, at least 100 muskoxen have been observed 
using the Sadlerochit drainage throughout the year. Cows that use this 
study area tend to remain in the Sadlerochit region year-round, 
although some range more widely between other drainages. Bulls move 
freely between the Sadlerochit and Tamayariak areas (Reynolds et al .
1985).
Katakturuk
The main channel of the Katakturuk River originates in the Shublik 
Mountains of the Brooks Range and cuts a gap through the Sadlerochit 
Mountains as it flows north to the Arctic Ocean. The headwaters of the 
Nularvik River, a main tributary to the Katakturuk River (Fig. 4), are 
in the Sadlerochit Mountains.
17
The Katakturuk floodplain is broad with extensive riparian 
terraces. In the middle of the study area, barren bluffs rise 
abruptly, approximately 50 m above the river valley. Barren ridgetops 
are notable around the confluence of the Nularvik and Katakturuk 
rivers. In comparison to the other study areas, the elevational change 
is largest in the Katakturuk study area, from 40 to 375 m (335 m 
total).
The first consistent use of this area by mixed-sex groups was 
observed in 1982 (Reynolds et al. 1983). These groups were sighted on 
the uplands in the southern part of the study area, between the 
Katakturuk and Nularvik rivers, and apparently came from the Tamayariak 
area. Since 1982, some muskoxen have remained in the area throughout 
most of the year. Other individuals have moved between the Tamayariak 
and Katakturuk (Reynolds et al. 1985).
Tamayariak
The Tamayariak floodplain is narrow in the southern portion of the 
study area and broadens to the north, where wide, partially vegetated 
gravel bars are dissected by several river channels (Fig. 4). North of 
the study area, the delta converges with the Canning River delta, and 
the terrain is dominated by thaw lakes.
The upland terrain type in the study area is the Foothills unit.
In the southern part of the study area, bluffs rising 80 m above the 
adjacent river valley are rimmed with barren, partially vegetated 
gravels. Low escarpments with diverse vegetation or late-lying
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snowbeds are common along the western edge of the floodplain. The 
elevational change in this study area is from 25 to 285 m (260 m 
total).
As early as 1972, muskoxen have consistently used the Tamayariak 
area. The bluffs in the southern part of the study area are used 
during the peak of calving and during winter. Muskoxen in this area 
range widely between the Canning and Katakturuk rivers, using small 
drainages east and west of the Tamayariak River and river bars along 
the eastern channels of the Canning River (Reynolds et al. 1985).
West Tamayariak
The West Tamayariak study area encompasses the major western fork 
of the Tamayariak, which will be referred to as the West Tamayariak 
River (Fig. 4). It has a narrow floodplain and channel. Its 
headwaters are in the western foothills of the Sadlerochit Mountains. 
Gravel bars and recent river terraces tend to be narrow along the West 
Tamayariak River. Willow thickets occur on the broader portions of the 
floodplain in the middle of the study area.
The upland terrain is described as Foothills in most of the study 
area. In the northern section, lakes and wet polygon tundra dominate 
the landscape, typical of the Thaw-Lake Plain unit. The West 
Tamayariak uplands are rolling hills and lack the dramatic bluffs of 
the Katakturuk and Tamayariak study areas. The elevational change for 
this area is 215 m (from 20 to 235 m).
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The West Tamayariak area appears to be part of a broad area used 
by the Sadierochit-Tamayariak subpopulation, which uses the 
Sadlerochit, Katakturuk, Tamayariak, West Tamayariak, and Canning 
drainages. Muskoxen are frequently sighted in willow thickets in the 
middle of the study area along the West Tamayariak in summer.
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METHODS
Selection of Areas for Habitat Description
To initiate this study I identified areas in the ANWR where 
muskoxen had been most frequently sighted. Locations of muskox 
sightings were recorded on topographical maps by ANWR staff during 
aerial surveys and radiotracking of muskoxen. Muskoxen appeared to be 
consistently using six river drainages in the ANWR (West Tamayariak, 
Tamayariak, Katakturuk, Sadlerochit, Okerokovik, and Niguanak 
drainages) and were rarely seen near three rivers (Hulahula, Okpilak, 
and Jago) which lie between the Sadlerochit and Okerokovik rivers. Due 
to this interesting juxtaposition of drainages used and not used by 
muskoxen, I focused my research on the region that included these nine 
rivers. I compiled data on proximity to the rivers, date, and group 
size from the ANWR muskox records for January 1982 through August 1983. 
Each muskox in a group was counted as a muskox observation, and for 
10,246 muskox observations, 65% were within 1.6 km of a river. A 
1.6-km corridor on both sides of a river could be conveniently studied 
using true-color, 1:18,000 aerial photographs taken for the U.S. Fish 
and Wildlife Service in 1980. Therefore, 1.6-km corridors on both 
sides of the nine rivers of interest were chosen for study areas.
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Reconnaissance of Study Areas
During summer 1982, base camps were established in the
Sadlerochit, Okerokovik, and Tamayariak study areas. From these base
camps, reconnaissance was conducted using aerial photographs along five 
rivers consistently used by muskoxen (the Niguanak, Okerokovik,
Sadlerochit, Tamayariak, and West Tamayariak study areas, Figs. 2-4).
In June 1982, I visited the area studied by Robus (1981) along the 
Sadlerochit River to become familiar with the vegetation assemblages 
she described. From the end of June to mid-August, field work was 
divided between the Niguanak, Okerokovik, Tamayariak, and West 
Tamayariak study sites.
At each site I determined the level of discrimination of the 
1:18,000-scale, true-color aerial photographs and inspected the area to 
become familiar with the vegetation and terrain. Vegetation types were 
differentiated by dominant plant species and growth forms, site 
moisture, location in the landscape, presence of microsites, and extent 
of the plant communities (Mueller-Dombois and Ellenberg 1974). 
Subsequently, vegetation types were matched with their signatures on 
the photographs. Color, shade, texture, size, shape, and topographic 
location were used to distinguish vegetation types on the photographs.
Each vegetation type was given a set of descriptors (Walker et al.
1982). Descriptors are terms that provide information on three aspects 
of the vegetation: (1) site moisture (e.g., wet, moist, dry);
(2) dominant growth form(s) (e.g., forb, shrub, graminoid); and
(3) physiognomy (e.g., tundra, barren). Well-drained soil, sand, and
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gravel were classified as dry. Vegetation types with saturated soil 
and standing water were classified as wet. Moist types had neither 
standing water nor well-drained soil. Many plant communities were too 
small to be mapped at a 1:18,000 scale and were interdigitated with 
other communities. Vegetation assemblages of this type were designated 
as complexes, being comprised of more than one plant community (e.g., 
Moist Sedge Tussock/Wet Sedge Tundra Complex). The more extensive 
vegetation type was listed first in the description of a complex. 
Whenever possible, Landsat cover categories of Walker et al . (1982) 
were used to describe vegetation. I cross-referenced my types with 
Landsat cover categories after two consultations with D. A. Walker in 
which he identified types on site in the ANWR and on photographic 
slides of my sample sites. The vegetation types of Robus (1981) were 
also identified during reconnaissance and incorporated into my 
classification.
Quantitative Vegetation Description
Vegetation Sampling.— I used the point-intercept method to sample 
15 vegetation types differentiated during reconnaissance. Barrens and 
Dry Gravel Bar Barrens were not sampled because the total vegetation 
cover was estimated to be less than 5% and 10%, respectively. Moist 
Dwarf Shrub, Sedge Tundra and Moist Dwarf Shrub/Wet Sedge Tundra 
Complex were not sampled due to the early phenological stage of the 
vegetation when these types were encountered (mid-June) and because 
they were previously described by Robus (1981). Within a vegetation
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type, a randomly oriented 20-m transect was delineated with a string.
A second transect was located parallel and approximately 1 m from the 
first transect. These two transects will be referred to as replicate 
couplet transects. A metal 2-mm-diameter pointer was dropped 
vertically into the vegetation at 40-cm intervals. Most vegetation 
types had two synusia: an upper synusium of graminoids, dwarf or
prostrate shrubs, or forbs; and a lower synusium of litter, mosses, 
lichens, soil, or rocks. Striving to sample both synusia, I recorded 
the first two hits of the pointer, regardless of plant part or absence 
of vegetation. Percent cover of species and plant groups was 
calculated from the 100 data points for each transect.
In vegetation types dominated by low, medium, and tall shrubs, the
first two hits of the pointer would not sample all synusia. Therefore,
percent cover was approximated by ocular estimates in increments of 5%
for species and major cover types. A releve (sample stand) 
approximately 16 m was subjectively selected in a vegetation type. 
Ocular estimates of percent cover were also made for releves in types 
sampled by point-intercept transects to increase the sample size. I 
estimated the cover for all the releves to insure consistency among the 
estimates.
Plant species were identified using Hulten (1968) and Viereck and 
Little (1972). Troublesome identifications were checked at the 
University of Alaska Herbarium.
Percent cover data of taxa and other cover categories were 
averaged by vegetation type for transects and releves. Transect data
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were averaged initially by treating each transect as an independent 
sample and disregarding the relationship of replicate couplet 
transects. In a second calculation of average percent cover for the 
transects, data for each replicate couplet were averaged, and then the 
average of the couplets was calculated.
Twinspan.--A Cornell Ecology Program, Twinspan (Hill 1979), was 
used to evaluate whether the 15 quantitatively sampled vegetation types 
were distinctive based on species composition and cover-abundance data 
from the transects. Twinspan is a two-way classification of species 
and samples (i.e., transects). It is designed to approximate the 
result of Braun-Blanquet tablework. The data matrix consists of 
species abundances for each transect. Twinspan classifies both 
transects and species into a hierarchy and divides them into subsets, 
using three ordinations for making the dichotomies. The program 
identifies "differential species" that are diagnostic to each division 
in the classification. An ordered, two-way table of species and 
transects is produced by the program.
Twinspan provides several options with respect to the input 
parameters. The options chosen for the analysis are listed in .
Appendix A. The parameter "pseudospecies cutlevels" deserves some 
additional comment. A particular species is broken into pseudospecies 
based on the abundance of the species. Five levels of abundance 
("cutlevels") were selected for the analysis that approximate the 
Braun-Blanquet cover-abundance scale: 0-4%, 5-25%, 26-50%, 51-75%, and
76-100%. Therefore, each species is potentially comprised of five
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pseudospecies, each corresponding to a particular cover class. By 
using pseudospecies, Twinspan compared and classified the transects 
based not only on species presence but also on species abundance. 
Replicate couplet transects were presented to the Twinspan program as 
independent samples for analysis to ascertain if the program would 
classify replicate couplets as similar transects. For a complete 
description of the program, see Hill (1979).
Stereoscopic Photograph Interpretation
True-color, 1:18,000 aerial photographs of nine study areas in the 
ANWR were examined, and vegetation was categorized using descriptors 
and vegetation types identified and described during reconnaissance.
An additional vegetation type (Unknown, Moist Graminoid, Shrub Tundra) 
was created to accommodate vegetation that was not identifiable on the 
photographs. Unidentifiable vegetation was generally found at the 
interface between riparian terrace and upland vegetation and appeared 
to be moist and comprised of shrub and graminoid species. Three land 
cover types were identified and included unvegetated features found in 
the study areas: snow, water, and "barrens." "Barrens" was the
descriptor for unvegetated gravel bars, talus slopes, dry river 
channels, and frost boils. Some vegetation (lichens, mosses, and 
scattered vascular plants) may exist on these sites, but it was not 
apparent on the photographs.
Photo-interpretation was restricted to the area in a 1.6-km 
corridor on both sides of a river. A Lietz M8-12X stereoscope was used
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to view the true-color photographs (scale 1:18,000). I selected 
northern and southern boundaries for the photo-interpretation within a 
study area to include the distance along the river in which muskoxen 
were consistently sighted. In the case of study areas not used by 
muskoxen, I examined a section of the river comparable in latitude to 
an adjacent study area used by muskoxen. Flight lines for the 
photographs were in sequence from west to east, perpendicular to the 
flow of the rivers. Three overlapping, stereoscopic photographs were 
required to examine the land within 1.6 km of the river at a given 
point along the river. An average of 27 photographs was required to 
depict each study area, and 243 photographs were required to examine 
all nine study areas. It was impractical to describe the vegetation 
depicted on all the photographs; therefore, the following sampling 
method was devised.
A non-mapping dot-grid technique (Marcum and Loftsgaarden 1980) 
was used in a two-stage sampling regime. Six photographs were randomly 
chosen for evaluation within each study area. The marginal 4 cm of a 
photograph was disregarded to avoid image distortion along the edges of 
the photograph and to avoid sampling an area twice due to overlap of 
adjacent photographs. Twenty-five points out of a possible 1,444 
points were randomly located in the central portion of the photograph, 
using a 4-mm by 4-mm dot grid. Photographs used during reconnaissance 
and the accompanying field notes were used as reference. One-hundred 
fifty points were described for each study area.
The percent cover of each vegetation/land cover type in a study 
area was calculated by dividing the number of points identified as 
belonging to that vegetation/land cover type by 150 and multiplying by 
100. If a vegetation/land cover type was not intercepted by a sampling 
point on the dot grid, its percent cover was recorded as zero even if 
the type was present in the study area. The area in hectares of each 
vegetation/land cover type was estimated as a percentage of the total 
area in a study area.
Ground-Truthing
In July 1983, I returned to the ANWR and tested the accuracy of my 
photograph interpretation. I visited 45 locations by helicopter that 
coincided with 45 random points on aerial photographs. I described the 
vegetation from the ground at each location. These 45 locations had 
not been included in the reconnaissance in 1982 and were in the West 
Tamayariak, Tamayariak, Katakturuk, Hulahula, Okerokovik, and Niguanak 
study areas. I compared vegetation descriptions obtained while ground- 
truthing with descriptions I had given the points on the photographs 
prior to ground-truthing and developed a score for the accuracy of 
photo-interpretation. The score for each point-location was the 
quotient of the number of descriptors in agreement between the 
photo-interpretation and ground-truthed description (numerator) and the 
total number of descriptors given to the point-location (denominator). 
For example:
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Descriptors given Point 1 on aerial photograph =
Dry, Low Shrub, Dwarf Shrub, Forb, Barren, Complex 
Descriptors given Location 1 during ground-truthing =
Dry, Low Shrub, Forb, Barren, Complex 
Score for Point-Location 1 = 5/6 x 100 = 83%
The overall score for the accuracy test was the average of the scores 
for all point-locations. Modifications suggested by ground-truthing in 
the use of descriptors were implemented in the stereoscopic 
photo-i nterpretati on.
Statistical Comparisons of Study Areas
The average proportions of vegetation/land cover types were 
compared among study areas by one-way multivariate analysis of variance 
(MANOVA, SPSS, Inc. 1986) and by calculating Least Significant 
Difference (LSD) values (Sokal and Rohlf 1969; D. L. Thomas, pers. 
commun.). MANOVA carries out the equivalent of the analysis of 
variance (ANOVA) on a number of variables suspected to be dependent 
(proportions of vegetational/1and cover types) measured for several 
samples (study areas). Using MANOVA, three separate comparisons were 
made: (1) among all study areas, (2) among the six study areas used by
muskoxen, and (3) among the three study areas not used by muskoxen.
The Wilks-Lambda Test of significance was used to assess the results of 
the MANOVAs, with P-values less than 0.05 denoting a significant 
difference in the average proportion of the vegetation/land cover types 
among the drainages. P-values less than 0.01 were highly significant
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and P-values between 0.10 and 0.05 were marginally significant. 
Proportions of vegetation/land cover types were estimated by 
stereoscopic photo-interpretation. The proportion of points attributed 
to a vegetation/land cover type was averaged for six photographs per 
study area to estimate the average proportion of a vegetation/land 
cover type in each study area. Eleven of the 22 vegetation/land cover 
types identified during photo-interpretation were used in the 
comparisons. The 11 types not used in the analyses occurred 
sporadically in the study areas, and because these types had numerous 
proportion values equal to zero, their omission strengthened the 
analyses.
LSD values were used to compare study areas used and not used by
muskoxen with respect to each of the 11 vegetation/land cover types.
LSD was calculated as follows:
The mean values in the equation were the average proportion of a
vegetation/land cover type in (1) study areas used by muskoxen and (2) 
study areas not used by muskoxen. W-matrix values (from the MANOVA 
Within Cells Sum-of-Squares and Cross-Products) were used for the error 
mean square term. Due to the assumed dependence of the variables 
(proportions of vegetation/land cover types), I used a conservative 
value for t (= 2.678) with 50 df and _P = 0.005. The n^ and n£ values 
were 6 and 3, respectively.
Fecal Analysis
Fecal samples were collected during summer 1982 at the three field 
study sites in the ANWR and during visits to the Black Mountain area o f  
the Seward Peninsula in March and August 1982. Recently deposited 
feces found in the Tamayariak, Okerokovik, Niguanak, and Seward 
Peninsula study areas during July and August were classified as 
"summer" samples. "Winter-type" samples were collections of older, 
more definitive pellets than the summer samples. A diet more typical 
of winter, spring, and fall will result in the production of the more 
definitive winter-type pellets. However, pellets may also be produced 
during summer. This variability in defecation type is assumed to be 
dependent on diet. Pellets from the March visit to the Seward 
Peninsula were fresh and classified as a winter sample.
Seven composite samples were made from the collections:
(1) Tamayariak, summer 1982; (2) Tamayariak, winter-type 1982;
(3) Okerokovik-Niguanak, summer 1982; (4) Okerokovik-Niguanak, winter- 
type.1982; (5) Seward Peninsula, summer 1982; (6) Seward Peninsula, 
winter-type 1982; and (7) Seward Peninsula, March 1982. A variable 
number of defecations were sampled in each area, proportional to the 
number of defecations encountered. Three pellets from a pellet group 
or approximately 2 g of a summer defecation were collected. Samples 
for the Okerokovik and Niguanak study areas were combined because 
muskoxen move freely between these two areas; therefore, the samples 
were treated as a collection from a single area of interest.
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Table salt was added to the feces, and they were air dried when 
possible to retard microbial activity and preserve the samples. 
Composite samples were sent to the Composition Analysis Laboratory, 
Colorado State University, Fort Collins, Colorado, for 
microhistological analysis. One hundred microscope fields were 
examined for each composite sample.
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RESULTS
Reconnaissance of Study Areas
Nineteen vegetation types and three unvegetated land cover types 
were distinguished on true-color 1:18,000 photographs during field 
studies at the Sadlerochit, Okerokovik, Niguanak, Tamayariak, and West 
Tamayariak study sites (Table 1). Each vegetation/land cover type had 
a distinctive photographic image with the exception of Moist Graminoid/ 
Barren Tundra Complex and Moist Sedge Tussock Tundra. These two types 
both had smooth, light-green photographic signatures that were similar 
in size, shape, and topographic location. As no two vegetated sites 
were identical, each vegetation/land cover type represented a category 
for plant communities that appeared to be more similar to each other 
than to other communities, based on dominant species and growth forms, 
site moisture, presence of microsites, extent, and topographical 
location.
Landsat categories of Walker et al. (1982) were comparable to 
nineteen vegetation/land cover types of this study (Table 1). The 
three types unique to this study were Moist Streamside Forb, Graminoid 
Tundra; Moist Forb, Shrub Bluff Tundra; and Unknown-Moist Graminoid, 
Shrub Tundra. Moist Streamside Forb, Graminoid Tundra and Moist Forb, 
Shrub Bluff Tundra tended to be small in area and site specific with 
respect to floristics, possibly making them undetectable by Landsat 
imagery. Unknown-Moist Graminoid, Shrub Tundra was created as a
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Table 1. Descriptions of vegetation/land coyer types.
Type Code Typical Site Description
Dry Prostrate Shrub, d2
Forb Tundra
(Dry Riparian Terrace)
Slightly elevated above 
and adjacent to river 
channels; generally not 
flooded; organic material 
overlying sands and 
gravel
Dry/Holst Riparian 
Tundra Complex 
(Includes Riparian 
Willow Thickets)
d/m2c Mosaic of mesic old
stream channels and dry 
riparian terraces and 
dry low- and medium- 
height shrub tundra; 
open and closed canopy 
of shrubs; on river 
terraces and streambanks; 
subject to seasonal 
flooding
Dry Partially Vegetated 
Ridgetop Barren Tundra 
(Dry Ridgetop Barren)
d6 Ridgetops with sparse
vegetation on gravel and 
soil substrate; generally 
windblown and snow free 
in winter
Vegetation Descriptors Comparable Category
from . of Common Taxa and
Photo-interpretation Walker et al. (1982) Cover Categories
Dry, Prostrate Shrub, 
Dwarf Shrub, Forb, 
Lichen, Tundra
IVb. Dry Prostrate 
Shrub, Forb Tundra
Dryas spp.
Mosses
Equisetum spp. 
Papaver Ipp. 
Astragalus alpinus 
Salix reCTculata 
S. lanata 
"5. rotund)foil a 
Hxytropls spp. 
Lichens
Dry, Moist, Medium Shrub, 
Low Shrub, Dwarf Shrub, 
Forb, Graminold, Horse­
tail, Barren, Tundra, 
Complex
IXa. River Bars 
VUIb. Shrub Tundra
Mosses
Salix planlfoila 
S. rotund!foil a 
"5. alaxensis 
!>. lanata 
Tquisetum spp. 
Astragalus spp. 
Oxytropls borealis 
Polygonum vi v) pa rum
Dry, Dwarf Shrub, Forb,
Lichen, Partially 
Vegetated, Barren,
Tundra ____________
Dryas spp.
Rock
Soil
Oxytropls nigrescens 
Astragalus spp. 
Potent!I la bi flora
IX. Partially Lichens (e.g.,
Vegetated Area Cetrarla spp.
Thamnolia
vermicularis)
CJ
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Table 1. Continued.
Type Code Typical Site Description
Dry Partially Vegetated
Gravel Bars
(Dry Gravel Bars)
dgb River bars subject to 
seasonal flooding; 
alluvial gravel, silt, 
and sand exposed; little 
or no soil development
Dry Gravel Bar Barren dgbb Same as Dry Gravel Bars
Barren
Holst Sedge, Low Shrub 
Tundra
m3
Talus slopes and gravel 
bars showing no vegeta­
tion on aerial photo­
graphs
Non-tussock Sedge meadows 
on broad moderate slopes, 
and flat upland and low­
land terrain; moderately 
well drained
Holst Dwarf Shrub, 
Sedge Tundra 
(Heath Polygon Tundra)
m4 High-center polygons
dominated by erlcaceous 
species and sedges; on 
plateaus between ridge- 
tops and lowland river 
terraces
Vegetation Descriptors Comparable Category
from of Common Taxa and
Photo-Interpretation Walker et al. (1982) Cover Categories
Dry, Forb, Low Shrub, 
Partially Vegetated, 
Gravel Bar
Dry, Forb, Low Shrub, 
Barren
Unvegetated, Talus 
Slope, Gravel Bar, 
Barren
Holst, Non-tussock Sedge, 
Low Shrub, Prostrate 
Shrub, Tundra
Hoist, Dwarf Shrub, 
Prostrate Shrub, 
Hoss, Sedge, Tundra
IXa. River Bars
X. Barren Gravel or 
Rock
X. Barren Gravel or 
Rock
Rock
Sand
Sallx alaxensls 
Artemisia arctlca 
Eplloblum latlfollum 
Astragalus alplnus 
bxytropls borealis 
Festuca spp. 
Agropyron spp.
Pedlcularis spp.
Less than 10% total 
cover of taxa listed 
for Dry Gravel Bars
Unvegetated
Va. Holst Sedge, 
Prostrate Shrub 
Tundra
Carex spp.
C. aquatllls 
TT. blgel owl F 
TT. membranacea 
"Sallx plantfol 1 a
Tfoil?s-------
Erlophorum spp.
VIlb. Holst Dwarf 
Shrub, Sedge 
Tussock Tundra
Hosses 
Betula nana 
Vacclnlum yltls-ldaea 
Carex btgelowii 
Sallx planifolfa 
Lichens 
Dryas spp.
C Ocn
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Table 1. Continued.
Type Code Typical Site Description
Holst Dwarf Shrub/ 
Wet Sedge Tundra 
Complex
m4c Mel1-developed high- 
center polygons, sur­
rounded by thermokarst 
troughs with wet sedge 
vegetation
Hoist Sedge Tussock, 
Dwarf Shrub Tundra 
(Tussock Tundra)
m5 Uell-dratned, gentle 
upland slopes
Holst Graminoid/ 
Barren Tundra Complex 
(Frostboil Upland)
mgbc Gently rolling uplands
composed of 2 microsites: 
frostbolls with exposed 
soli and sparse vegeta­
tion, and moist, well- 
vegetated areas
Hoist Streamside 
Forb, Graminoid 
Tundra
mfg Isolated sites along 
small tributaries, on 
flat or inclined stream- 
banks; snow accumulation 
and late-lying snow 
probable
Vegetation Descriptors Comparable Category
from of Common Taxa and
Photo-Interpretation Walker et al. (1982) Cover Categories
Hoist, Dwarf Shrub, 
Prostrate Shrub, Hoss, 
Tussock Sedge, Wet 
Sedge, Tundra, Complex
Hoist, Tussock Sedge, 
Dwarf Shrub, Prostrate 
Shrub, Tundra
Hoist, Dwarf Shrub, 
Graminoid, Sedge, Hoss, 
Barren, Tundra, Complex
Hoist, Graminoid, 
Streamside Low Shrub, 
Dwarf Shrub, Forb, 
Tundra
Vllb. Hoist DwarT 
Shrub, Sedge 
Tussock Tundra
VI. Holst Sedge 
Tussock, Dwarf 
Shrub Tundra
Vb. Hoist Sedge/ 
Barren Tundra 
Complex
No comparable 
category
Same as Hoist 
Dwarf Shrub, Sedge 
Tundra, with 
Carex spp.
C. aquatllis 
Triophorura vaginatum
Eriophorum vaginatum 
Carex sppT 
Sallx reticulata 
S. plan!fo11 a 
Rosses
Arctagrostis latifolla 
Carex bigelowTT~
5allx rotundifolia
Mosses
Dryas spp.
Thamnolia vermicularis 
Parrya nudlcaulis 
Saxifraga opposiTlfolia 
Papaver spp.
Grasses (e.g., 
Arctagrostis 
1 at 1 toll a 
Festuca spp.
Poa spp.)
Carex spp.
SalIx rotundifolla 
Achillea borealis-  
Artemisia spp.
Equlsetum spp. 
Polemonium acutlflorum 
Oxyrla dTgyna 
Petasltes frigidus 
Saxifraga punctata
CO
cr»
Table 1. Continued.
Type Code Typical Site Description
Moist Forb. Shrub, mfs Partially to well-
Bluff Tundra vegetated bluff faces
adjacent to floodplain; 
slumping and exposed soil 
common; late-lying 
snow banks; florlstlcally 
diverse
Moist Sedge Tussock/ m5/3c
Non-tussock Sedge and
Complexes m3/5c
(Moist Sedge Tussock/
Non-tussock Sedge Tundra 
Complex and Moist Sedge/
Tussock Sedge Tundra 
Complex)
Moist Sedge Tussock/ m5/
Wet Sedge Tundra w3c
Complex
Broad upland Interfluves 
composed of 2 sedge 
communities: tussock 
and non-tussock; tussock 
sedge (n better drained 
microsites and non­
tussock sedge (n drainage 
pathways
Flat and gently sloping 
uplands; high-center 
polygons of tussock 
sedge vegetation, and 
thermokarst troughs with 
wet sedge vegetation and 
standing water
Vegetation Descriptors Comparable Category
from of Common Taxa and
Photo-Interpretation Walker et al. (1982) Cover Categories
Moist, Forb, Gramlnold, 
Low Shrub, Dwarf Shrub, 
Barren, Tundra
Moist, Tussock Sedge, 
Dwarf Shrub, Prostrate 
Shrub, Low Shrub, 
Non-tussock Sedge, 
Tundra, Complex
Moist, Tussock Sedge, 
Low Shrub, Dwarf Shrub, 
Wet, Non-tussock Sedge, 
Tundra, Complex
No comparable 
category
Via. Moist Sedge 
Tussock, Dwarf 
Shrub Tundra 
and
Va. Moist Sedge, 
Prostrate Shrub 
Tundra
Vllb. Moist Dwarr 
Shrub, Sedge Tussock 
Tundra
Artemisia spp.
Oxytropis spp.
Saxlfraga spp.
Saussurea angust!folium 
Astragalus umbellatus 
PolygonuiiTblstorta 
Seneclo Tugens 
Draba spp.
Sallx spp.
Mosses
Carex aquatllis 
C. blgelowll 
TT. membranacea 
Trlophorum vaglnatum 
E. angustTfol ium 
"Sallx planlfolla 
Mosses
Carex aquatllis 
C. blgelowll 
T. membranacea 
Trlophorum vaglnatum 
E. angustTfol(urn 
Tetula nana 
Ledum palustre 
Rubus chamaemorus 
Sallx planlfolla- 
Vacclnlum vltis-ldaea
Masses
C O
Table 1. Continued.
Type Code Typical Site Description
Vegetatton Descriptors 
from
Photo-Interpretation
Comparable Category 
of
Walker et al. (1982)
Common Taxa and 
Cover Categories
Moist/Wet Sedge 
Tundra Complex
m/w3c Flat to gently sloping 
areas of flat-centered 
polygons or strangmoor 
with alternating moist 
and wet sedge tundra; 
standing water In 
troughs, season and 
weather dependent
Holst, Wet, Non-tussock 
Sedge, Low Shrub, Dwarf 
Shrub, Tundra, Complex
IVa. Holst/Wet 
Sedge Tundra 
Compl ex
Carex aquattlts 
C. blgeiowii 
T. membranacea 
Z. sclrpoidea 
Trlophorum spp. 
Salix planifolla 
Caltha palustrls
Wet/Moist Sedge 
Tundra Complex
w/m3c Low-centered polygons 
with raised rims, or 
strangmoor; polygon 
centers partially or 
well vegetated, with 
Standing water depending 
on season and drainage
Wet, Hoist, Non-tussock 
Sedge, Low Shrub, 
Tundra, Complex
III. Wet Sedge 
Tundra
Carex spp. 
Erlophorum spp. 
Pedlcularis spp. 
Saxifraga spp.
Soil..
Water
Caltha palustrls
Wet Sedge Tundra w3 Areas of poor drainage 
at base of slopes, head­
waters of streams, along 
stream channels and pond 
chains; standing water 
present throughout summer
Wet, Non-tussock Sedge, 
Tundra
II. Pond/Sedge 
Compl ex
Carex spp.
Erlophorum angustlfolium 
Equisetum spp.
Saxlfraga hirculus 
Caltha palustrls
Unknown, Holst 
Gramtnoid, Shrub, 
Tundra
unk-
mgs
Transition area between 
riparian terraces and 
uplands
Unknown, Holst, 
Gramtnoid, Shrub, Forb, 
Complex, Tundra
No comparable 
category
Vegetatton
composition
unknown
Water W River channels, lakes, 
ponds
Water I. Water
Snow S Base of steep embank­
ments, and deep narrow 
drainages; aufels on 
braided river channels
Snow, Ice XII. Ice
aFrora Robus (1981).
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category for vegetation unidentified on photographs and not encountered 
during reconnaissance and sampling. Estimated percent cover of 
Unknown-Moist Graminoid, Shrub Tundra ranged from 0.7% (Okpilak) to 
8.4% (West Tamayariak).
Quantitative Vegetation Description
Vegetation Sampling.— For each of the 16 vegetation types sampled, 
percent cover of one or more taxa or other cover category was 
distinctive. The most notable characteristies are summarized below, 
with average percent cover data from transects (T) and average percent 
cover data from releves (R). All average percent cover values are 
presented in Appendices B and C for transects and releves, 
respectively. Approximate values are given for cover categories 
presented below that were not specifically sampled but could be 
estimated from transect and releve data.
Dry Prostrate Shrub, Forb Tundra was found on low, riparian 
terraces and was floristically distinguished by a high percent cover of 
Dryas spp. (T9.7 + 7.2%; R33.7 + 22.9%), a variety of other forbs, and 
in some cases high percent cover of lichens (T approx. 5%, R21.7 + 
21.5%). Twelve species of legumes (T approx. 6%; R12.3 + 9.7%) were 
found in this type. Medium and prostrate shrubs, primarily willows, 
were typical components of the vegetation (T approx. 9%; R approx. 7%).
Dry/Moist Riparian Complex was composed of two sub-types: a
mosaic of old stream channels and dry riparian terraces with scattered 
medium, low, dwarf, and prostrate shrubs; and closed canopy stands of
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medium and tall willows, referred to as Riparian Willow Thickets.
These sub-types were grouped into one category because of their 
riparian shrub component and close proximity. Riparian Willow Thickets 
were dominated by medium and tall willows (R62.0 + 15.0%), with shrubs 
up to 2 m in height. Equisetum spp. was a common component of the 
understory (R10.0 + 15.8%). Sedges, grasses, and rushes had higher 
cover than in other riparian types (RIO.5 + 13.3%), and there was a 
notable lack of Dryas spp. In the non-willow thicket component, dwarf 
and prostrate shrubs were prevalent (T approx. 9.5%; R12.7 + 13.9%). 
This sub-type had the widest variety of shrubs (10 species) and forbs 
(79 species) among the lowland, floodplain types. Dryas spp. (T3.6 + 
3.3%; R15.5 + 18.7%), legumes (T approx. 6%; R21.1 + 16.8%), and mosses 
(T20.3 + 12.1%; R19.5 + 25.3%) were major components of the vegetation.
Dry Partially Vegetated Ridgetop Barren Tundra was typically found 
along the rims of ridgetops and was distinctive due to the lack of 
vegetation and the high percentage of gravel and soil (T approx. 16%; 
R47.1 + 20.6%). Average cover of Dryas spp. (T14.6 + 3.2%; R16.4 + 
7.2%) and lichens (T approx. 19%; R24.3 + 13.0%) was the highest among 
all the vegetation types.
Dry Partially Vegetated Gravel Bars varied in cover from sparse 
grasses, shrubs, and forbs to dense patches of forbs. Legumes were 
well represented in this type (T approx. 6%; R18.6 + 17.2%). Salix 
alaxensis tended to grow along the edges of the gravel bars (T3.0 + 
5.2%; R2.3 + 3.0%). Average percent cover of rock and sand were high 
(T49.1 + 16.1%; R62.4 + 23.7%). Sedges were essentially absent in this
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type.
Non-tussock sedges (T33.2 + 10.3%; R34.7 + 12.2%) and low and 
prostrate willows (T approx. 8%; R20.7 + 22.4%) dominated the 
vegetation of Moist Sedge, Low Shrub Tundra. Cover by mosses (T10.6 + 
7.4%; R23.8 + 23.5%) and litter (T41.7 + 7.5%; R57.0 + 21.9%) was high. 
This type was found both on upland terrain and on the interface between 
uplands and lowland riparian terrain.
Found primarily on gently sloping uplands, tussocks (R48.3 +
16.7%) were the characteristic growth form associated with Moist Sedge 
Tussock, Dwarf Shrub Tundra. Little of the tussock structure was 
composed of green leaves and flowers of Eriophorum vaginatum (T12.3 + 
3.7%; R8.5 + 6.9%). Cover by mosses tended to be high (T16.1 + 7.2%; 
R47.5 + 18.0%). Salix spp., Betula nana, and several ericaceous shrubs 
(T approx. 7%; R approx. 11%) were typically found in this type.
Moist Graminoid/Barren Tundra Complex was composed of two plant 
communities. The smaller frostboil community was sparsely vegetated 
(T5.6 + 3.8%; R12.3 + 12.2% bare soil). Saxifraga oppositifolia and 
Dryas spp. were typically found in the frostboil areas. The larger, 
wel1-vegetated community had the highest cover of mosses (T25.4 + 4.3%; 
R50.0 + 17.4%) of any vegetation type. The remaining cover primarily 
consisted of Dryas spp. (T9.6 + 5.3%; R14.4 + 11.4%), grasses, sedges, 
and dwarf and prostrate shrubs.
Moist Streamside Forb, Graminoid Tundra was remarkable with 
respect to the cover of forbs (T approx. 43%; R approx. 60%) and 
graminoids (T approx. 44%; R35.0 + 21.2%). Oxyria digyna was abundant
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(R25.0 + 7.1%) in the releves, and grasses (Arctagrostis 1 atifolia, 
Festuca altaica, and Poa glauca) had the highest average cover in this 
type. Salix rotundifolia was the major shrub (T2.5 + 3.5%). Dryas 
spp. was absent. Moist Streamside Forb, Graminoid Tundra was rarely 
encountered and generally occupied very small areas along small 
tributaries.
Moist Forb, Shrub Bluff Tundra appeared to be composed of both 
upland and riparian vegetation. This type had the greatest variety of 
forbs (86 species) and shrubs (14 species) of any vegetation type. 
Individual bluffs differed in the taxa present. Bare soil (T7.3 +
7.0%; R14.6 + 16.2%), a result of slumping and ground squirrel 
activity, was a common feature. Forbs and shrubs each contributed 
about 20% to the cover. Plant communities in this type were more 
similar topographically than floristically.
Moist Sedge Tussock/Non-tussock Sedge Tundra Complex and Moist 
Sedge/Tussock Sedge Tundra Complex were combined for evaluation. They 
differed only in the relative amounts of tussocks (R17.7 + 9.0%) and 
non-tussock sedges (T16.1 + 3.5%) and were otherwise floristically 
similar. Mosses (T14.8 + 4.8%; R35.9 + 23.6%) and shrubs (T approx.
8%; R approx. 27%) were also notable.
Moist Sedge Tussock/Wet Sedge Tundra was not frequently 
encountered during sampling. It had a distinctive photographic 
signature due to thermokarst troughs surrounding high center polygons. 
Eriophorum angustifoliurn was associated with the trough component of 
the complex. E_. vaginatum tussocks (R13.3 + 11.5%), non-tussock
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graminoids (T16.5 + 2.8%; R26.7 + 15.3%), and prostrate and dwarf 
shrubs were associated with the high center polygon component.
Moist/Wet Sedge Tundra Complex was found on lowlands, uplands, and 
the interface between uplands and lowlands. It was dominated by 
non-tussock sedges (T23.5 + 8.2%; R57.5 + 3.5%), and litter 
accumulation was high (T51.9 + 5.9%; R72.5 + 3.5%). Low and dwarf 
shrubs (T approx. 9%; R17.5 + 10.6%) were present on the moist 
component of the complex.
The vegetation of Wet/Moist Sedge Tundra Complex was almost 
exclusively sedges (T28.2 + 9.1%; R31.9 + 11.6%) with the widest 
variety of sedges (16 species) of any of the types. Standing water 
(T4.9 + 7.8%; R11.3 + 19.8%) and bare soil (T8.9 + 12.1%; R31.9 +
27.8%) were consistently found in this type. Wet/Moist Sedge Tundra 
Complex was associated with low center polygons and raised rims o r with 
strangmoor.
Wet Sedge Tundra had the highest cover of sedges (T53.7 + 11.9%; 
R63.7 + 18.0%) and a low diversity of sedges, primarily Carex aquatilis 
and Eriophorum angustifolium. Standing water (Til.5 + 8.5%; R22.5 + 
14.4%) was always present at these sites.
Twinspan .— Transects were organized by Twinspan into three major 
groups (Appendix D). In Group I, Subgroup IA was composed of all the 
Dry Gravel Bar transects. Subgroup IB contained Dry Prostrate Shrub, 
Forb Tundra and Dry/Moist Riparian Complex transects. In Group II, 
Subgroup IIA contained Moist Streamside Forb, Graminoid Tundra; Moist 
Forb, Shrub Bluff Tundra; and Dry/Moist Riparian Complex transects.
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Subgroup IIB 1 was composed of two Dry Prostrate Shrub, Forb Tundra 
transects and most of the Dry Partially Vegetated Ridgetop Barren 
Tundra transects. Transects from 10 types were placed in Subgroup IIB2 
by Twinspan, including a wide range of types with respect to all the 
characteristics used to distinguish types during reconnaissance. In 
Group III, Subgroup IIIA contained transects from most of the 
sedge-dominated types. Transects from sedge tussock types were 
generally placed in Subgroup IIIA1, and non-tussock moist and wet sedge 
types were placed in Subgroup IIIA2. Subgroup 111B contained four 
transects of Moist Forb, Shrub Bluff Tundra. The groups and subgroups 
of transects in the Twinspan classification based primarily on 
floristics were not consistent with my classification of transects into 
vegetation types based on abiotic factors as well as floristics.
With respect to replicate couplet transects, 80% of the replicates 
were not separated in the classification. For example, transects 49a 
and 49b were adjacently placed by Twinspan classification (Appendix D). 
This indicated that most replicate couplet transects were floristically 
more similar to each other than to other transects. More replicate 
couplet transects of Moist Sedge Tussock/Non-tussock Sedge Tundra 
Complex (4 of 9 couplets) were separated than of any other vegetation 
type.
Stereoscopic Photograph Interpretation
Estimated cover of vegetation/land cover types ranged from 0% (for 
at least three vegetation/land cover types in each study area) to 30.7%
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(1469 ha) for Moist Sedge, Low Shrub Tundra in the Hulahula study area 
(Appendix E). Adjacent study areas tended to have similar proportions 
of vegetation/land cover types (Fig. 5, Table 2). The three western 
study areas (Katakturuk, Tamayariak, and West Tamayariak) appeared to 
be similar, differing primarily in the proportion of Moist Graminoid/ 
Barren Tundra Complex (mgbc) and in the dry types. The Sadlerochit was 
unusual with high cover of the two heath polygon types (m4 and m4c) and 
of all three vegetated riparian types (d2, d/m2c, and dgb). It also 
had low cover of several of the sedge-dominated types (5/3c's). The 
Hulahula was not similar to other study areas. The Okpilak was more 
similar to the Jago and Okerokovik than to other areas, differing in 
the proportion of Moist Sedge Tussock, Dwarf Shrub Tundra (m5). The 
proportions of cover types were very similar for the Jago and 
Okerokovik study areas. The Niguanak was unusual with the highest 
cover of Moist Sedge Tussock, Dwarf Shrub Tundra (m5) and Moist Tussock 
and Non-tussock Sedge complexes (5/3c's), and low cover of the other 
types.
Cover types in which muskoxen were observed in ANWR studies by 
USFWS (1986), Jingfors (1980), and Robus (1981) were cross-referenced 
with cover types in this study (Table 3). Jingfors (1980) calculated 
preference ratios for seven types and described these types as either 
(1) highly preferred, (2) used essentially in proportion to 
availability, or (3) apparently discriminated against (Table 3).
Lacking preference data for all the types, I categorized the cover 
types based on cross-referenced data (Table 3) as follows. Frequently
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Vegetation/land cover types
Fig. 5. Estimated cover of 22 vegetation/land cover types in nine study areas in the ANWR.
Cover types were categorized by muskox use: frequently used, infrequently used and
use unknown. Muskoxen consistently use all study areas except the Jago, Hulahula 
and Okpilak. For names of vegetation/land cover types corresponding to alpha- ^
numerical codes, see Table 2.
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Table 2. Alpha-numerical codes and names of vegetation/land cover 
types.
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Code Vegetation/Land Cover Type
d2 Dry Prostrate Shrub, Forb Tundra
d/m2c Dry/Moist Riparian Complex
d6 Dry Partially Vegetated Ridgetop Barren Tundra
dgbb Dry Gravel Bar Barren
b Barren
dgb Dry Partially Vegetated Gravel Bars
m3 Moist Sedge, Low Shrub Tundra
m4 Moist Dwarf Shrub, Sedge Tundra
m4c. Moist Dwarf Shrub/Wet Sedge Tundra Complex
m5 Moist Sedge Tussock, Dwarf Shrub Tundra
mgbc Moist Graminoid, Barren Tundra Complex
mfg Moist Steamside Forb, Graminoid Tundra
mfs Moist Forb, Shrub Bluff Tundra
unk-mgs Unknown, Moist Graminoid, Shrub Tundra
m5/3c Moist Sedge Tussock/Non-tussock Sedge Tundra Complexes
m5/w3c Moist Sedge Tussock/Wet Sedge Tundra Complex
m/w3c Moist/Wet Sedge Tundra Complex
w/m3c Wet/Moist Sedge Tundra Complex
w3 Wet Sedge Tundra
s & w Snow and water
Table 3. Cross-reference of vegetation/land cover types In which muskoxen were observed In four ANWR studies.
Jingfors (1980) Preference
This Study USFUS (1986) and Robus (1981) Rating3
Frequently used types
Dry Partially Vegetated Rldgetop 
Barren Tundra
Bare: outcrops on rldgetops and 
Low Shrub/Forb: dry tundra on ridges
Dry Ridge 1
Dry/Moist Riparian Tundra Complex Low Shrub/Forb: open riparian shrubland Riparian Terrace/Willow Bar 
and Creek Willow Thicket
1 and 2
Dry, Prostrate Shrub, 
Forb Tundra
Low Shrub/Forb: Dryas terraces Riparian Terrace 2
Dry Partially Vegetated Gravel 
Bars
Low Shrub/Forb: forb-rlch gravel bars Riparian Gravel Bars and 
Riparian Terrace/Willow Bars
2
Moist Sedge Tussock, Dwarf 
Shrub Tundra
Tussock Tussock Meadow 2
Infrequently used types
Wet Sedge Tundra Wet sedge Wet Sedge Meadow 3
Wet/Moist Sedge Tundra Complex Wet sedge Wet Sedge Meadow 3
Others
Dry Gravel Bar Barren Bare: unvegetated gravel bars No comparable category bnr
Barren Bare: talus slopes No comparable category nr
Moist Dwarf Shrub, Sedge Tundra No comparable category Heath Polygon Tundra 3
Moist Dwarf Shrub/Wet Sedge 
Tundra Complex
No comparable category No comparable category nr
Moist Forb, Shrub Bluff Tundra No comparable category No comparable category nr
Moist Streamside Forb, 
Graminoid Tundra
No comparable category No comparable category nr
aAdapted from Jingfors (1980); 1 * highly preferred, 2 = used in proportion to availability, 3 = discriminated 
^against. 
nr « no rating. -p>00
used types were defined as having preference ratings of 1 (highly 
preferred) or 2 (used in proportion to availability) and were 
identified in all four studies. Infrequently used types had preference 
ratings of 3 (apparently discriminated against) and were identified in 
all four studies. Types that lacked preference ratings and were not 
identified in all four studies were listed without a use status 
(Table 3).
I combined percent cover values of the five frequently used types 
and ranked the study areas (Table 4). The Katakturuk and Sadlerochit 
study areas had the highest percent cover of the five vegetation types 
frequently used by muskoxen, and muskoxen are consistently observed in 
these two study areas. The Okpilak and West Tamayariak study areas had 
the lowest percent cover of the frequently used types. Muskoxen 
frequently use the West Tamayariak in summer, but rarely use the 
Okpilak study area. With the exception of Moist Sedge Tussock, Dwarf 
Shrub Tundra (m5), percent cover of each frequently used type was low 
in the study areas, ranging from zero to 13% (Table 4). Three of the 
five frequently used vegetation types were most common in the 
Sadlerochit study area where the first aggregations of muskoxen 
occurred in the ANWR following the 1969 and 1970 transplants.
I combined percent cover values of the two infrequently used types 
and ranked the study areas (Table 5). The Okpilak, Jago, and 
Okerokovik study areas had the highest cover of the infrequently used 
types. Of these three study areas, muskoxen are consistently sighted 
only in the Okerokovik.
49
50
Table 4. Estimated cover (%) of frequently used upland and riparian
vegetation types in nine study areas in the ANWR; study areas 
are rated from highest (1) to lowest (9) total percent cover 
of frequently used types. For names of vegetation types 
corresponding to alpha-numerical codes, see Table 2.
Percent Cover
Upl and  Riparian
Study Area Rating m5 d6 d2 dgb d/m2c Total
Used by muskoxen 
Katakturuk 1 15.0 5.0 10.3 3.0 4.7 38.0
Sadierochit 2 10.0 0 10.3 6.7 9.3 36.3
Niguanak 3 27.3 1.3 0 1.3 1.3 31.2
Tamayariak 5 12.7 6.7 4.3 0.7 2.7 27.1
Okerokovik 6 13.3 0 6.3 2.0 4.0 25.6
W. Tamayariak 8 9.0 0 2.0 1.0 3.3 15.3
Not used by muskoxen 
Hul ahul a 4 9.3 0 13.0 2.0 4.7 29.0
Jago 7 17.3 0 1.3 1.3 0.7 20.6
Okpilak 9 6.0 0 3.3 3.0 2.3 14.6
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Table 5. Estimated.cover (%) of infrequently used vegetation types in 
nine study areas in the ANWR; study areas are rated from 
highest (1) to lowest (9) total percent cover of infrequently 
used types.
Study Area Rating
Wet Sedge 
Tundra
Percent Cover
Wet/Moi st 
Sedge Complex Total
Not used by muskoxen 
Okpilak 1 2.0 10.7 12.7
Jago 2 2.7 7.3 10.0
Hulahula 6.5a 2.4 4.0 6.0
Used by muskoxen 
Okerokovi k 3 2.7 6.7 9.4
W. Tamayariak 4 1.3 5.3 6.6
Tamayariak 5 1.7 4.7 6.4
Ni guanak 6.5 2.7 3.3 6.0
Sadierochit 8 0.7 1.3 2.0
Katakturuk 9 0 1.3 1.3
Rating of 6.5 (average of 5 and 7) given to Hulahula and Niguanak 
study areas because each had 6.0% total cover of infrequently 
used types.
Ground-Truthing
An average of 54% of the descriptors given to a point-location by 
photo-interpretation was correct, as determined by ground-truthing. 
Twenty-one of 45 test sites (47%) had scores greater than or equal to 
70%. Four of 45 sites were 100% correctly described from the 
photographs.
As a result of ground-truthing, it was evident that some 
vegetation descriptors were particularly difficult to distinguish on 
the photographs: shrub type (dwarf or low shrub), lichen, moss, and
horsetail. At the 43 sites where shrubs were a dominant growth form, 
the shrub type was mistaken on the photographs at 15 sites. For the 
six sites where "lichen" was used as a descriptor, it was never in 
agreement with the ground-truthed description. "Moss" was 
appropriately used as a descriptor at two of seven sites. The presence 
of horsetail was never distinguished on the photographs for the five 
test sites where it was a major component of the vegetation. As a 
result, moss, lichen, and horsetail were no longer used as descriptors 
in the photograph interpretation, and no effort was made to distinguish 
dwarf shrubs from low shrubs. With these modifications, a reevaluation 
of the accuracy test was made and the scores improved (Fig. 5).
Sixteen of 45 sites had scores of 100% (previously 4:45). Twenty-seven 
of 45 sites had scores of 70% or better (previously 21:45). The 
average score improved from 54% to 75%.
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Fig. 6. Number of ground-truthed sites (45 total) in eight
accuracy categories before and after four descriptors 
were omitted for photo-interpretations.
Statistical Comparisons of Study Areas
Each study area appears to be unique in the average proportion of 
the vegetation/land cover types. With respect to 11 vegetation/land 
cover types selected for the MANOVA comparisons among all study areas, 
all nine study areas were significantly different (F = 1.37; 88 and 
239 df; IP = 0.03). Based on univariate F-tests, the nine study areas 
were significantly different with respect to the average proportions of 
four tussock and non-tussock sedge types and marginally significantly 
different with respect to two riparian types (Table 5).
The six study areas used by muskoxen were marginally significantly 
different (F = 1.35; 55 and 95 df; _P = 0.10) when compared by MANOVA. 
Univariate F-tests showed significant differences in the average 
proportions of Dry Gravel Bars and Moist Sedge Tussock/Non-tussock 
Sedge Tundra Complex (Table 5).
There was no significant difference among the three study areas 
not used by muskoxen (F = 1.50; 22 and 10 df; _P = 0.26) when compared 
by MANOVA. The Hulahula, Okpilak, and Jago apparently are similar with 
respect to proportions of vegetation/ land cover types.
The six study areas used by muskoxen were not significantly 
different from the three areas not used by muskoxen. For each of 11 
vegetation/land cover types, the six study areas used by muskoxen were 
compared with the three study areas not used by muskoxen, using Least 
Significant Difference values, and there was no significant difference 
between study areas used by muskoxen and study areas not used with 
respect to any of the 11 cover types (P < 0.10).
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Table 6. Univariate F-test results for variables (vegetation/land cover types) analyzed in two
MANOVAs: comparing all nine study areas (All Study Areas) and comparing six study areas
used by muskoxen (Muskox Study Areas).
MANOVA COMPARISON 
All Muskox k
Study Areas Study Areas
Variable F P-value F P-value
Dry Gravel Bars 2.08 0.06 m.s. 2.81 0.03 ★
Dry/Moist Riparian Complex 2.01 0.07 m.s. 1.90 0.12 n.s.
Dry Gravel Bar Barren 1.59 0.16 n.s. 2.15 0.09 m.s.
Moist Sedge Tussock, Shrub Tundra 2.33 0.04 ■k 1.99 0.11 n .s.
Moist Sedge Tussock/Non-tussock Sedge Tundra Complex 3.30 0.005 ** 5.32 0.001 **
Moist Sedge/Tussock Sedge Tundra Complex 0.79 0.61 n.s. 1.36 0.27 n.s.
Moist Sedge, Low Shrub Tundra 1.74 0.11 n .s. 2.00 0.11 n .s.
Moist/Wet Sedge Tundra Complex 3.20 0.006 ** 2.42 0.06 m.s.
Wet/Moist Sedge Tundra Complex 2.38 0.03 k 1.44 0.24 n.s.
Wet Sedge Tundra 0.72 0.67 n .s. 1.22 0.32 n.s.
Water 1.51 0.18 n.s. 1.06 0.40 n.s.
*df = 8, 45 
df = 5, 30
★ — 
★ ★ —
m.s. = 
n.s. =
significant, P < 0.05 
highly significant, JP < 0. 
marginally significant-^ 0. 
not significant, £  > 0.10
01
05 < £  < 0.10
cncn
Fecal Analysis
Salix (willows) and Carex (sedges) tended to have the highest 
relative percent densities in muskox fecal samples from this study and 
other Alaskan studies (Tables 7 and 8). July 1982 Okerokovik-Niguanak 
and winter-type 1982 Tamayariak samples had exceptionally small 
percentages of Carex (1.7% and 7.5%, respectively) and large 
percentages of Salix (95.5% and 83.6%, respectively). The highest 
percent relative density of Carex was in the August 1978 Tamayariak 
sample (63.7%). For each study area there were differences in the 
relative amounts of willows and sedges in the feces at comparable times 
of the year. Differences were also evident for the same study area 
from year to year.
Percent relative densities of most of the other identified plant 
fragments were less than 5%. Few of the species of forbs showing 
evidence of grazing by muskoxen were found in the feces (Tables 7-9). 
Seward Peninsula samples collected in March and August 1982 were unique 
with higher densities of mosses and lichens than other samples.
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Table 7. Relative percent densities of plant fragments in winter and winter-type samples of muskox
feces from four study areas in Alaska (n = number of sites in a study area where defecations 
were sampled).
Okerokovik and
Tamayariak Niguanak Seward Peninsula Nunivak Island
1982a 1982a 19823 Mar 1982a 1980b 1983b
n = 11 n = 17 n = 4
Carex 7.5 20.1 34.5 25.5 19.7 46.0
Eriophorum 0.5 3.4 0.8
Bromus 5.5 4.3
Poa spp. 0.6 0.5 0.8 9.9 2.1
Juncus/Luzula 0.5
Sal ix 83.6 70.5 32.0 27.7 5.5 21.2
Dryas 3.0 1.9 1.7
13.5Empetrum 0.8
Ledum 0.8 2.1
Vaccinium 0.6 0.5 3.4 1.6 13.1 6.5
Astragalus 1.8 '
0.8Saxifraga 1.8 0.5
Fern 0.9
Selaginella type 1.2 0.9 6.9 4.3
Cetraria type 0.8 22.7
Cladonia type 0.5 8.8 11.7 7.5
Moss 0.5 0.8 21.3 23.7
Equisetum 2.4 5.1 0.8
^This study.
D. R. Klein (unpubl. data).
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Table 8. Relative percent densities of plant fragments in summer samples of muskox feces from four 
study areas in Alaska (n = number of sites in a study area where defecations were sampled).
Okerokovik and Seward
Tamayariak Niguanak Sadlerochit Peninsula
Aug 1978a Jul-Aug 1982b Aug 1978a Jul 1982b Jul 1978a Aug 1982b
n = 8 n = 8 n = 4
Carex 63.7 29.8 23.3 1.7 15.2 36.6
Eriophorum 2.7 0.7 5.4 0.7
Dupontia 0.4
Festuca 0.4 0.7
Poa spp. 2.9 0.5 0.5 0.7
Al^pecurus 0.3
Juncus/Luzula 0.7 0.4
Sal ix 32.7 49.7 67.5 95.5 76.7 46.4
Dryas 0.4
Empetrum 0.7
Rubus 1.3
Vaccinium 0.7 0.5 0.7
Astragal us 2.9 1.1 0.5 1.4
Stellaria 0.4
Cerastium 0.5
Selaginella type 2.0
Cetraria type 0.7
Cladonia type 6.4
SpDagnum 0.3 2.0
Equi setum 12.5 7.1 0.5 0.5 1.3
aRobus (1981). 
This study. cnoo
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Table 9. Plants showing evidence of grazing or browsing by muskoxen 
during reconnaissance of study areas.
Grasses
Arctagrostis latifolia 
Bromus sp.
Trisetum spicatum
Sedges
Carex spp.
Eriophorum vaginatum
Shrubs
Salix spp.
S. aTaxensis 
_S. brachycarpa 
S_. 1 an at a
S_. pi anifol ia spp. pul chra 
S_. phi ebophyl 1 a
Forbs
Artemisia arctica 
A. tilesii 
Astragal us alpinus 
Castilleja sp.
Dodecatheon frigidum 
Dryas spp.
Epi1 obi urn latifolium 
Hedysarum sp.
H. alpinum 
TT. mackenzi i 
Finuartia arctica 
Oxyria digyna 
Qxytropis sp.
0. boreafis 
TT. campestris 
F. maydel 1 ian~a 
Parrya nudicaulis 
Polemomum acutifol ium 
P. boreal is 
Polygonum bistorta 
Saussurea angustifolia 
Saxifraga hieracifolia 
_S. punctata 
Senecio lug'ens
DISCUSSION
Factors influencing habitat selection by muskoxen include food 
availability and food quality (White et al . 1981), and these factors 
are influenced by biotic and abiotic factors. Twinspan analysis of the 
vegetation types revealed the importance of abiotic factors as well as 
floristics in delineating vegetation types. The muskox diet and 
discriminant use of vegetation types and study areas in the ANWR 
reflect the importance of food quality and availability in 
characterizing muskox habitat. In this discussion, availability will 
be used synonymously with abundance and cover. In addition to food 
quality and availability, many other factors, including predator and 
insect avoidance, protection from adverse weather, and traditional use, 
undoubtedly contribute to the present distribution of muskoxen in the 
ANWR and could be used to characterize muskox habitat.
Muskox Diet
Few generalizations can be made about forage preferences of muskox 
upon comparison of the results of microhistological analysis of feces 
from four study areas in Alaska. It appears that sedges and willows 
are consistently important components of the muskox diet, and their 
percent relative density fluctuates in the feces. Other woody and 
herbaceous dicots appear to be minor components. Lichens may be 
especially important in the diet of muskoxen on the Seward Peninsula.
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The increased diversity of forage available in the summer was not 
reflected in the results from fecal analysis.
Muskoxen appear to select high-quality forage when it is 
available, particularly new plant growth in spring and summer.
Nitrogen, phosphorus, and potassium move into the leaves at bud break; 
this new growth has high digestibility and low concentrations of 
antiherbivory compounds (Vakhtina 1963, Chapin et al. 1980, Bryant et 
al. 1983). During April and May, new growth of Eriophorum vaginatum 
and Salix planifolia is consistently eaten by muskoxen in the ANWR 
(Jingfors 1980, Robus 1981). Muskoxen move in conjunction with 
snowmelt and plant phenological progression, from elevated sites to 
riparian areas where new leaves and twigs of willows are browsed 
(Jingfors 1980, Robus 1981).
Muskox food preferences change as the nutritional value of the 
plants changes. From May to August the preference for Salix spp. 
increases and the preference for _E. vaginatum decreases as the nitrogen 
content of Salix spp. (3.35% dry weight) surpasses that of IE. vaginatum 
(2.14% dry weight) (Robus 1981). In late July and August, muskoxen 
select Salix spp. leaves rather than twigs as the quality of leaves 
increases relative to twigs (Robus 1981).
As a group, the nutritional contribution of forbs to the diet of 
muskoxen is uncertain. However, some forbs tend to be highly 
digestible and nutritious during the growing season and are highly 
selected for by muskoxen (Robus 1981, Kuropat 1984). Astragal us is one 
of the few genera of forbs that consistently showed up in the feces
(Table 8). Three of the six forbs with relatively high preference 
ratios were legumes: Astragalus alpinus, Hedysarum mackenzii, and
Oxytropis maydelliana (Robus 1981). In late July, the in-vitro dry 
matter digestibility of _A. al pi nus and _0. maydel 1 i ana exceeded 70% of 
the dry weights, with nitrogen contents of 4.76% and 3.45% of the dry 
weight, respectively. Epilobium 1 atifolium is another forb grazed by 
muskoxen, and it has protein, calcium, and phosphorus contents greater 
in July than a variety of other possible forage items, including Dryas 
integrifolia, Salix spp., Carex spp., and Poa glauca (Tener 1965, 
Kuropat 1984).
The high relative density of willow and sedge fragments in 
winter-type feces of muskoxen implies that muskoxen are foraging on the 
most available shrubs and graminoids. Foraging on highly abundant 
plants and on plants that concentrate both leaves and stems in space 
(e.g. Salix spp. and Eriophorum vaginatum) increases foraging 
efficiency for muskoxen (Klein 1986). Willows (_S. alaxensis, S_. 
planifol ia and S_. gl auca) and sedges (_E. vagi natum and Carex bi gel owi i) 
are the most available plants in muskox feeding areas in the 
Sadlerochit study area (Robus 1981). Due to their presence in several 
vegetation types in each study area, willows and sedges are generally 
available (Appendices B and C). Collectively, willows and sedges 
comprised approximately 90% of the fragments of winter-type muskox 
feces from the Okerokovik, Niguanak, and Tamayariak study areas 
(Table 7). Despite the difficulties in using microhistological 
analysis to deduce an animal's diet (Westoby et al. 1976, Gill et al.
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1983), results from analyses of winter feces tend to be more reliable 
than from analyses of summer feces because all plant material has 
relatively low digestibility in winter.
Vegetation Types
High-quality forage (new plant growth of E_. vaginatum and Sal ix 
spp., and forbs) is characteristic of most of the vegetation types 
frequently used by muskoxen. The first new growth of E_. vagi natum and 
S. pianifolia is generally found on upland, south-facing slopes of 
tussock tundra (Jingfors 1980, Robus 1981), which corresponds to Moist 
Sedge Tussock Tundra in this study (Table 3). Medium and tall willows 
browsed by muskoxen were highly abundant (approx. 60% cover) in 
Dry/Moist Riparian Complexes (Riparian Willow Thicket subtype). Forbs, 
including legumes, were distinguishing components of Dry Prostrate 
Shrub, Forb Tundra (approx. 25% cover), Dry/Moist Riparian Complex, 
non-willow thicket subtype (approx. 22% cover), and some Dry Partially 
Vegetated Gravel Bars (approx. 14% cover).
Moist Forb, Shrub Bluff Tundra and Moist Streamside Forb,
Graminoid Tundra were two vegetation types identified exclusively in 
this study that apparently contain high-quality forage. Moist Forb, 
Shrub Bluff Tundra had the greatest variety of forbs and shrubs of any 
of the types, and forbs were extremely abundant (approx. 43% cover) in 
Moist Streamside Forb, Graminoid Tundra. Late-lying snow was typical 
in both types and possibly results in high-quality new growth later in 
the summer than the frequently used riparian types. Muskoxen were
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observed foraging in both Moist Forb, Shrub Bluff Tundra and Moist 
Streamside Forb, Graminoid Tundra.
Infrequently used vegetation types apparently have lower quality 
forage than frequently used types. Wet Sedge Tundra and Wet/Moist 
Sedge Tundra Complex are infrequently used by muskoxen and are 
dominated by sedges, have low species diversity, and lack the higher 
quality willows and forbs of frequently used riparian types (Appendices 
B and C). Although sedges have high relative densities in muskox 
feces, the infrequent use of wet sedge types in the ANWR implies that 
muskoxen are selecting sedges in moist rather than wet tundra. Henry 
and Svoboda (in prep.) found muskoxen on Banks Island, N.W.T., 
selective with respect to sedge communities, foraging in areas of low 
litter cover, high moss cover, and relatively higher soil nitrogen and 
phosphorus.
Discrimination against wet sedge vegetation types in the ANWR 
(Jingfors 1980) is not consistent with muskox preferences in the 
Canadian High Arctic and the Taimyr Peninsula, USSR, where muskoxen 
show a preference for wet (hydric, hydrophytic) sedge meadows (Gray 
1973, Parker and Ross 1976, Parker 1978, Rapota 1984). This may occur 
despite low plant diversity in wet sedge meadows because annual plant 
production in the hydric meadows is higher than the surrounding tundra 
in the Canadian High Arctic (Parker and Ross 1976, Bliss et al. 1984). 
In both the riparian habitat in the ANWR and the wet sedge habitat in 
Canada and the USSR, muskoxen are foraging efficiently by optimizing 
intake levels with the least movement (Klein 1986).
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Vegetation types tend to coincide with certain snow conditions on 
tundra landscapes. Snow is generally deeper in taller vegetation, and 
snow hardness is influenced by the morphology of the dominant shrub or 
grass types. For example, brushy drainages with taller shrubs (1.6 m) 
have deep snow (0.9 m) and low-density snow; low shrub (0.3 m ) , tussock 
tundra has shallow snow (0.3 m) and low-density snow (Brooks and 
Collins 1984).
Ambulation of muskoxen and food availability appear to be 
primarily restricted in winter and are partially governed by snow 
conditions. During winter muskoxen prefer snow-free areas, or sites 
with loosely compacted, shallow (less than 0.3 m) snow with protruding 
vegetation (Spencer and Lensink 1970, Lent and Knutson 1971, Jingfors 
1980, Smith 1981, Rapota 1984). Cratering is most easily accomplished 
in loosely compacted, shallow snow, but muskoxen will break through 
hard layers of snow to underlying vegetation if plant biomass is high 
and depth hoar or air gaps facilitate cratering (Lent and Knutson 
1971).
The five frequently used vegetation types appear to correspond to 
snow conditions favorable to foraging, and therefore have relatively 
highly available forage in winter. In the ANWR, shallow snow 
conditions are found on hillcrests, ridgetops, and broad floodplains, 
where willow twigs, tussocks, and Dryas-associated vegetation protrude 
through the snow (Jingfors 1980; Felix et al., in press; P. A. Miller, 
pers. commun.). In general, Moist Sedge Tussock Tundra, Dryas terraces 
(Dry Prostrate Shrub, Forb Tundra), and open riparian shrubland
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(Dry/Moist Riparian Tundra Complex, non-willow thicket subtype) have 
shallow snow (less than 0.2 m) relative to other vegetation types 
(Felix et al., in press). Although there are no quantitative snow data 
for Dry Partially Vegetated Ridgetop Barrens and Dry Partially 
Vegetated Gravel Bars, these types apparently have little or no snow 
(USFWS 1986) due to low, sparse vegetation and wind exposure. Loosely 
compacted snow is characteristic of tussock tundra (Moist Sedge Tussock 
Tundra) and tall shrub communities (Dry/Moist Riparian Tundra Complex, 
Riparian Willow Thicket subtype); low Ramsond values were recorded in 
similar types by Brooks and Collins (1984). In October and November,
O
snow hardness was low (0.3 kg/cm ) on riparian terraces, and cratenng 
was relatively easy in tussock tundra in the Sadlerochit drainage 
(Jingfors 1980). Snow conditions vary from year to year on the coastal 
plain, and early winter freezing rains, snow deformation, and spring 
overflow can cause hard layers of snow and ice on dry ridges and 
floodplains (Jingfors 1980; Felix et al., in press), making forage 
availability unpredictable during winter.
Forage seems to be less available in winter in the infrequently 
used vegetation types than in most frequently used types. Wet Sedge 
Tundra and Wet/Moist Sedge Tundra Complex tend to be in low areas 
conducive to snow accumulation, and deep snow (up to 0.6 m) is 
associated with wet graminoid tundra on the ANWR coastal plain (Felix 
et al., in press; N. A. Felix, unpubl . data).
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Muskox Use of Study Areas
In general, the six study areas used by muskoxen generally had 
higher percent cover of frequently used types and lower percent cover 
of infrequently used types than study areas not used by muskoxen 
(Tables 4 and 5). The Tamayariak and Katakturuk study areas were 
unique among the areas used by muskoxen, because they had sufficient 
cover of all frequently used vegetation types for detection during 
photo-interpretation. This implies that these two areas have 
exceptionally high food quality and availability throughout the year. 
The Sadlerochit study area had exceptionally high percent cover of 
frequently used riparian types. However, low percent cover of two 
frequently used upland types (Moist Sedge Tussock Tundra and Dry 
Partially Vegetated Ridgetop Barren) implies that snow-free areas and 
new-growth E_. vaginatum and _S. pi anifol i a may be relatively scarce in 
the Sadlerochit area in late winter. This may explain why mixed-sex 
herds of muskoxen that use the Sadlerochit drainage year round tend to 
move to uplands outside the study area during spring (Jingfors 1980, 
USFWS 1986). The West Tamayariak study area had low percent cover of 
frequently used types. Muskoxen consistently use only a small part of 
the West Tamayariak study area with Dry/Moist Riparian Tundra Complex 
vegetation. Muskoxen using the West Tamayariak area encounter all 
frequently used types while ranging widely between the Katakturuk and 
Canning rivers. The Niguanak area has high cover of frequently used 
upland types and lacks frequently used riparian types. However, the 
Niguanak is used in conjunction with the Okerokovik area which has
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moderate cover of both upland and riparian types.
In contrast to study areas used by muskoxen, the three areas not 
used by muskoxen were not statistically different with respect to 
average proportions of vegetation types. Unused study areas tend to 
have relatively low percent cover of frequently used vegetation types 
and relatively high percent cover of infrequently used types (Tables 4 
and 5). Relatively low cover of frequently used upland types (Dry 
Ridgetop Barren Tundra and Moist Sedge Tussock Tundra) in the Hulahula 
and Okpilak areas indicates less topographic diversity in these areas 
than in the Niguanak, Katakturuk, and Tamayariak areas. Considering 
the influence of topography on snow deposition and vegetation 
composition, I suspect forage quality and availability are lower, 
particularly in late winter, in the unused study areas.
However, the apparent lower forage quality and availability found 
particularly in the Jago and Okpilak study areas does not explain the 
limited use by muskoxen. Muskoxen move between study areas, and good 
forage conditions lacking in one area are present in another. The 
Hulahula is not consistently used by muskoxen but has vegetation 
similar to the Sadlerochit (Fig. 5) where muskoxen established early 
upon their reintroduction to the ANWR. With relatively high percent 
cover of frequently used riparian types, one would expect forage of 
high quality and availability during most of the year in the Hulahula 
study area. D. R. Klein (pens, commun.) has proposed that different 
flooding patterns of the Hulahula and Sadlerochit rivers may contribute 
to this discrimination. Lakes in the Brooks Range moderate the
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sediment load and midsummer flooding of the Sadlerochit River. No such 
lakes exist at the headwaters of the Hulahula River, and it is subject 
to flooding throughout the growing season. This may limit vegetative 
growth on gravel bars and render the floodplain vegetation an 
unreliable resource for muskoxen in summer.
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CONCLUSIONS AND RECOMMENDATIONS
Muskoxen are generalized in their feeding habits. They forage on 
shrubs, graminoids, and forbs; highly available plants (sedges and 
willows) apparently comprise the bulk of their diet. Muskoxen use 
ephemeral resources including new plant growth during summer. They are 
selective in their foraging with respect to plant parts, plant species, 
vegetation types, and drainages in the ANWR. As selective generalists, 
muskoxen, like caribou, may be optimizing the ratio of nutrient intake 
to toxin intake with a mixed diet and by feeding on plants and growth 
stages that are high in nutrients and low in secondary metabolites 
(Kuropat and Bryant 1980, Kuropat 1984). Presently, knowledge of the 
muskox diet is limited to a few generalities. Future research should 
document the year-round diet of muskoxen. This could be accomplished 
by inspection of grazed and browsed plants, a thorough study of fecal 
material and rumen samples where seasonal changes in forage 
digestibility and muskox mobility are taken into account, and possibly 
by direct observation of foraging muskoxen.
Muskoxen are using areas in the ANWR where they have access to 
quality forage during summer and where they acquire forage with the 
least expenditure of energy during winter. Muskoxen are using broad 
areas of the ANWR coastal plain; the majority of muskox sightings are 
on floodplains of major rivers, along tributaries, and on adjacent 
uplands. Frequently used riparian vegetation types (Dry Prostrate
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Shrub, Forb Tundra; Dry/Moist Riparian Tundra Complex; and Dry 
Partially Vegetated Gravel Bars) had relatively high plant diversity, 
concentrations of high-quality forage, and variable snow conditions. 
Frequently used upland vegetation types (Moist Sedge Tussock Tundra and 
Dry Ridgetop Barren Tundra) had low-growing vegetation, the first 
available new plant growth, and shallow snow. Management should be 
concerned with protecting muskox use of and access to areas with the 
five frequently used vegetation types. With the exception of Moist 
Sedge Tussock Tundra, these vegetation types comprise a small 
proportion of the vegetation of the ANWR coastal plain, and muskoxen 
discriminantly use these vegetation types year round. Additionally,
Dry Prostrate Shrub, Forb Tundra and Dry Ridgetop Barren Tundra are 
very sensitive to vehicular traffic. Their snow cover during winter 
and a thin organic mat make these types susceptible to disturbance, and 
recovery is expected to be slow (Felix and Jorgenson 1985).
The apparent discrimination by muskox against Wet Sedge Tundra in 
the ANWR should be investigated. Documentation is needed in areas 
other than the Sadlerochit study area. Comparisons with Canadian High 
Arctic wet sedge meadows used by muskoxen would provide information.on 
the potential of muskox use of Wet Sedge Tundra in the ANWR.
The Katakturuk and Tamayariak study areas were unique, because 
they had relatively high percent cover of all five frequently used 
vegetation types. Forage quality and availability are apparently very 
high in the Katakturuk and Tamayariak study areas. In the other study 
areas, forage quality and availability may be insufficient for
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year-round use of the study areas by muskoxen. This may partially 
explain why muskoxen use broad areas of the coastal plain that 
encompass more than one study area.
Descriptions of vegetation types are most useful in characterizing 
muskox habitat when both abiotic and biotic factors have been 
quantified. Data collection for this study emphasized floristic 
descriptions of vegetation types. Snow characteristics, topographic 
diversity, and plant phenological progression were recognized as 
important abiotic and biotic factors related to vegetation cover and 
muskox distribution. Future research should focus on quantifying snow 
conditions, topographic diversity, plant phenology, and flooding 
characteristics of rivers to provide a more complete description of 
muskox habitat.
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Appendix A. Options used in the Twinspan analysis of transects.
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Input Parameters Option Selected
Pseudospecies cut levels 5
Cut levels 0, 5.0, 26.0, 51.0, 76.0
Maximum group size for division 5
Maximum number of indicators per division 7
Maximum number of species in final table 100
Maximum level of divisions 6
Weights for levels of pseudospecies equal
Indicator potentials for cut levels all levels used
Species omitted from list of indicators 7 = litter
Number of species or genera 119
Number of species, genera, and 
pseudospecies
181
Length of data array after defining 
pseudospecies
3210
Appendix B. Percent cover o f  p lant  species along 170 p o in t - in t e r c e p t  tra n se cts  in 15 vegetation types.  Hoist Sedge Tussock/Non-tussock  
Sedge Complex and H o is t  Sedge/Tussock Sedge Compex are combined in to  one ca teg o ry .  Hoist Sedge Tussock/Non-tussock Sedge 
Complexes. Percent cover values presented as Hean + S . E . a(S.E.**), where S .E . a * standard e r r o r  ca lc u la te d  fo r  transe cts  
disregard ing  coup let  r e la t io n s h ip  o f  r e p l i c a t e  t ra n s e c ts ;  S.E.** = standard e r r o r  assoc iated  ca lc u la te d  a f t e r  averaging percent  
cover values fo r  each r e p l i c a t e  couplet w ith in  a vegetation type .
Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Hoist
Riparian
Complex
Dry Ridgetop  
Barren
Hoist  
Graminoid/ 
Barren Tundra 
Complex
Hoist Forb,  
Shrub B lu f f s
Hoist  
Streamside 
Forb,  
Graminoid 
Tundra
N ID 24 12 14 12 26 2
GRASSES (u n id e n t i f ie d ) 2.3 + 2 .4(1 .4) 2.3 + 6 .8(6 .8) 4.4 + 4 .6(4 .5) 0.7 + 1 .3(1.3) 1.6 + 2 .5(2 .5) 4.7 t  3 .6 (3 .4) 27.0 + 2.8
Agropyron spp. 
Agropyron boreale 
Agropyron macrourum
♦
♦ 0.6 ♦ 1.6(1.6)
+ - -
+ “
Alopecurus a lp inus - - . ♦ - - - -
A rc ta g ro s t is  l a t i f o l i a 0.3  + 0 .7(0 .5) + 0.4 t 1.0(1.0) - 0.6  t 1.4(1.4) 0.5 + 1.3(0.9) t
Broraus spp.
Broraus pumpel1ianus
+
+ ' 0.04+ 0 .2(0 .1)” t t + - + -  '
Calamagrostis purpurascens - - - + - - - ,
Deschampsia brevifolia 
Deschampsia caespitosa
+
+ - -
+ +
-
Dupontia f i s c h e r i - + t - - + -
Festuca sp.
Festuca altaica 
Festuca baffinensis 
Festuca brachyphylla 
Festuca rubra 
Festuca vivipara
♦
+
+
♦
+
+
t
t
t
+
+ + +
+
+
t
00
cn
Appendix B. Continued.
Vegetation Type
H o is t  Sedge 
Tussock, Shrub 
Tundra
H olst  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
H o ls t  Sedge 
Tussock/Wet 
Sedge Complex
Moist Sedge, 
Low Shrub 
Tundra
Moist/Wet 
Sedge Complex
Wet/Hofst 
Sedge Complex
Wet Sedge 
Tundra
N 14 18 4 12 8 10 4
GRASSES (u n id e n t i f ie d ) 0.9  ♦ 1 .2(0 .9) 1.4 ♦ 1.4(0.5) 0.5  + 1 .0(0 .7) 0.2  ♦ 0 .4(0 .4) 0.4 ♦ 0 .7(0 .5) - 1.3 ♦ 1 .9(1 .8)
Agropyron spp. _ _ - - - - -
Agropyron boreale - - - - - - -
Agropyron macrourum - - ~ '
Alopecurus alp inus - - - - - - -
A rc ta g ro s t ls  l a t i f o l i a 0.5 + 1 .3(1.3) 0.2 + 0 .5(0 .4) ♦ + -
Bromus spp. _ _ - - - -
Bromus pumpel1ianus - - - - - -
Calamagrostis purpurascens * - - - - - -
Deschampsia b r e v i f o l ia - - - - - -
Deschampsta caespitosa * - - - - - *
Dupontia f i s c h e r i - - - - - -
Festuca sp. _ _ _ + - -
Festuca altaica - - - - - - -
Festuca baffinensis _ - _ _ - . -
Festuca brachyphylla ♦ - - + - ♦ -
Festuca rubra - - - + - - -
Festuca vivtpara - - - - - - +
00cn
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Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Moist
R ipar ian
Complex
Dry Rldgetop  
Barren
Moist  
Gramlnold/ 
Barren Tundra 
Complex
Moist Forb,  
Shrub B lu f f s
Holst  
StreamsIde 
Forb ,  
Gramlnold 
Tundra
Hierochloe a lp in a ♦ _
Hierochloe odorata ♦ - - - - -
H ierochloe p a u c i f lo ra - - - - - - -
Poa spp. 0.1 ♦ 0 .3(0 .2) 0.1 ♦ 0 .4(0.3) 0.1 + 0 .3 (0 .2 ) _ D .l  + 0 .3 (0 .2 ) ♦ _
Poa a lp ina - - + - - -
Poa a r c t lc a - * - - - * -
Poa qlauca * * ♦ ♦ ♦ + ♦
Poa lanata ♦ + ♦ - ♦ ♦ -
Irisetum s ib ir ic u m _ _ _ _ ♦ _ _
trisetum spicatum 0.1 + 0 .3(0 .2) ♦ + ♦ - 0.1 + 0 .6(0 .4) +
SEDGES (u n id e n t i f ie d ) 0 .3  ♦ 0 .7 (0 .7 ) 4.1 + 5 .5(5 .6) 1.5 + 2 .3(2 .3) 2.4 + 1 .9(1.5) 12.8* 9 .7 (9 .6 ) 4 .0  + 4 .0(3 .6) 17.0+ 5.7
Carex spp. . ♦ - ♦ ♦ +
Carex a q u a t i l i s - + + - - - -
Carex a trofusca - - - - - - -
Carex b ic o l o r - - - - - ■ - -
Carex b ig e lo w ii ♦ - + ♦ ♦ -
Carex krausel - - + - - + -
Carex membranacea _ + ♦ - + + -
Carex mlsandra - * _ - _ + -
Carex p e tr ic o s a - _ - - - - -
Carex r u p e st r is - - - + - -
Carex s a x a t i l i s - - ♦ - - * *
Carex s c irp o id e a - * ♦ + - +
Eleoc har is  a c i c u l a r l s - - - + - - -
Eriophoriun angusti fo l  ium - + - - + . + -
Eriophorura russeolum - - - - - -
Eriophorum scheuchzeri - ♦ - - - - -
Eriophorum vaginatum - - - - 0.2 + 0 .6(0 .4) + -
Appendix 8. Continued.
Vegetation Type
H oist  Sedge 
Tussock, Shrub 
Tundra
Holst Sedge 
Tussock/Non- 
tussock Sedge 
Complexes
Moist Sedge 
Tussock/Wet 
Sedge Complex
Moist Sedge, 
Low Shrub 
Tundra
Moist/Wet 
Sedge Complex
Wet/Moist 
Sedge Complex
Wet Sedge 
Tundra
Hierochloe a lp ina +
Hierochloe odorata . _ _ - - - -
Hierochloe p au c i f lo ra - - - - - + -
Poa spp. + ... _ + ..
Poa a lp ina _ _ _ _
Poa a r c t ic a _ _ +
Poa glauca _ _ _ _ - - +
Poa Tanata •fr + + + - + -
Trisetum s ib ir ic u m .
Trisetum spicatum - - - - - - -
SEDGES (u n id e n t i f ie d ) 14.1+ 4 .6(2 .9) 16.1+ 5 .0(3 .5) 16.5+ 8.6(2 .8) 33.2+10.5(10.3) 23.5+ 8.7(8 .2) 28.2+ 9 .1(9 .3) 53.7+11.9(14.5)
Carex spp. + _ + _ +
Carex a q u a t i l i s - + - + ♦ + ♦
Carex atrofusca _ + _ _ + _
Carex b icotor _ _ _ _ + _
Carex b igelow ii + + * ♦ + + _
Carex krausei - _ _ _ _
Carex membranacea + ♦ ♦ ♦ ♦ + _
Carex misandra _ . _ + _
Carex p etr icosa - - _ + _
Carex ru pe str is - - - _ _
Carex s a x a t i l i s - - - . + -
Carex sc irpo idea - - - - 1.0 + 2.8(2 .0) + -
E leoc har is  a c ic u l a r i s - - - - - - -
Eriophorum angustifo l ium ♦ + + + * ♦ +
Eriophorum russeolum - - _ ♦ ♦ ♦ +
Eriophorum scheuchzeri - - - + _ + _
Eriophorum vaginatum 12.3+ 4.0(3 .7) 8.9 + 6 .0(5 .2) 5.7 + 5 .6(6.7) 0.2 + 0 .4(0 .3) 0.5  + 1.1(0.7) 2.5 + 4 .9(5 .1) -
00
00
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Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Ory/Moist
R iparian
Complex
Dry Ridgetop  
Barren
Hoist  
Graminoid/ 
Barren Tundra 
Complex
Hoist Forb,  
Shrub B lu f f s
Hoist
Streamside
Forb,
Graminoid
Tundra
Kobresia sp.  
kobresia  myosuroides 
kobres ia  s i b i r i c a  
kobres ia  s im p l ic iu sc u la
-
+ + +
+
-
RUSHES
Juncus spp.  
Juncus a rc t ic u s  
Juncus big lumis  
Juncus castaneus  
Juncus tr ig lu m is
- +
+
+
-
+
+
+
+
-
Luzula spp.
Luzula a r c t ic a  
Luzula confusa  
Luzula sp icata  
Luzula tu nd r ic o la
-
♦
+
0.1 + 0 .3(0 .2)  
” *
+
♦
0.4 + 0 .8(0 .7)  
0.7  + 0 .3(0 .2)
+
0.1 + 0 .3(0 .2)
~ +
+
0.1 + 0 .3(0 .2)  
~ +
+
-
SHRUBS
Andromeda po l l  f o l ia - - - - - - -
Arctostaphylos  rubra - 0.3 + 0 .5(0.4) + + - 0.1 + 0 .4(0 .3) -
Betula  nana - - - - - 1.7 + 4 .5(4 .2) -
Cassiope tetragona - - ♦ 0.6 + 1.4(0.9) - 1.0 t 2 .6(2 .5) -
Empetrum nigrum - - - - - - -
Ledum p a lustre - - - - - - -
Rubus chamaemorus - - - - - - ' -
Appendix B. Continued.
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Vegetation Type
Moist Sedge 
Tussock, Shrub 
Tundra
Moist Sedge 
Tussock/Non­
tussock Sedge 
Complexes
H oist  Sedge 
Tussock/Wet 
Sedge Complex
H oist  Sedge. 
Low Shrub 
Tundra
Hoist/Met 
Sedge Complex
Met/Hoist 
Sedge Complex
Met Sedge 
Tundra
Kobresia sp.
Kobresia myosuroides . _ _ _ _ _ ♦ _
kobresia  s i b i r i c a _ _ _ _ _ ♦ _
Kobresia s im p l ic iu sc u la - - - - - - -
RUSHES
Juncus spp. * _ 0.1 + 0 .3(0 .2) _
Juncus a r c t ic u s _ _ _ _ _ ..
Juncus btglumis ♦ - ♦ ♦ _ ♦ ..
Juncus castaneus - _ _ _ _ _ _
Juncus t r ig lu m is - - - - ♦ -
Luzula spp. 0.1 + 0 .3(0 .2) ♦ _ _ _ _ .
Luzula a r c t l c a + ■f ♦ _ + _
Luzula confusa . - _ _ _ _
Luzula sp icata _ _ _ .. _
Luzula tu nd r lc o la ♦ 0.05+ 0 .2(0.2) - ♦ - ♦ -
SHRUBS
Andromeda p o l l  f o l i a - - - - - ♦ -
Arctostaphylos rubra + - - ♦ ♦ ♦ -
Betula  nana 0.4 + 1 .3(0 .9) ♦ 5.0 + 5 .5(3 .5) 1.7 + 4 .9(4 .3) 0.7 + 1 .5(1.5) ♦ -
Cassiope tetragona 0.3 + 0 .8(0 .6) 0.1 + 0 .3(0.2) 0.3 + 0 .5(0 .3) - + 0.1 + 0 .3(0 .2) -
Empetrum nigrum - 0.05+ 0 .2(0 .2) - - - - -
Ledum pa lus tre t 0.05+ 0.2(0.2) 0.3 + 0 .5(0 .3) - - - -
Rubus chamaetnorus - - 0.3 + 0 .5(0 .3) - 0.3 + 0 .7(0 .5) 0.1 + 0 .3 (0 .2 ) -
Appendix B. Continued.
Vegetation Type
Dry Gravel 
Bars
Dry Riparian  
Terrace
Dry/Moist
R iparian
Complex
Dry Ridgetop  
Barren
Hoist  
Graminoid/ 
Barren Tundra 
Complex
Moist Forb,  
Shrub B lu f f s
Hoist
Streamside
Forb ,
Graminoid
Tundra
S a l ix  spp.
SalIx a laxe ns is  
Saltx  a rc ttca  
Sa l ix  brachycarpa  
S a l ix  glauca 
S a l ix  lanata  
S a l ix  o v a l t f o l i a  
S a l ix  phlebophylla  
Sa l ix  p l a n l f o l l a  
Sa l ix  p o la r i s  
Sa l ix  r e t i c u l a t a  
S a l ix  r o t u n d l f o l i a
3.0 + 6 .3 (5 .2 )
0.4  + 0 .7 (0 .5 )  
+
0.2 ♦ 0 .6 (0 .4 )  
'  ♦
0.6  + 1 .3(1.4)  
0.7 ? 1.7(1.6)  
” +
+
+
1.6 ♦ 3.5(3.5)  
0.5 ? 1 .4(1.4)  
0.1 ? 0 .3(0 .2)  
0.8  ? 2 .1(2 .0)
3.2 ♦ 3.2(3 .1)  
1.4 ? 2 .5(2.5)
1.3 + 3 .8(2 .6)
3.0 + 4 .1(3 .4)
+
0.7 + 2 .0(1 .6)  
2.5 + 4 .2(3 .9)
1.1 f  1 . B ( 1.7)
4 .0  + 5 .5(4 .7)  
~ +
1.3 » 2 .1(1 .7)
3.1 * 4 .4 (4 .1)
♦
+
»
0.1 + 0 .3(0 .2)  
0.9 j  1 .8(1.4)
»
0.1 + 0 .3(0 .2)  
*
0.1 + 0 .3(0 .2)
0 .3  + 0 .6(0 .6)  
3.2 I 2 .9(2 .7)
0.4 + 
0.04?
1.1 + 
2.1 ? 
0.8 ? 
0.1 ? 
0.04? 
4.2 ?
2.9 +
2.9 ?
1 .0(0.7)  
0.2(0 .1)  
+
2.7(2 .6)  
5 .0(5 .1)  
2.1(1.9)  
0 .4(0 .3)  
0.2(0 .1)  
8.6(B .7)  
+
3.6(3 .4)  
3.5(3.3) 2.5 + 3.5
Vaccinium ulig inosum  
Vaccinium v i t l s - id a e a
- - - 0.4 ♦ 0 .8(0 .7)
-
0.4 + 1.1(1.0)
-
FORBS
A c h i l le a  b o re a l is - - - - - 0.7 + 3.7(2 .6) 2.5 + 2.1
Aconitum del phinifo lturn - - - ♦ - 0.04+ 0.2(0.1) +
Androsace s p . 
Androsace chamaejasme 0.4 + 1 .0(0 .9)
+ ♦
0.1 ♦ 0 .3(0 .2) _
- + -
Anemone s p .
Anemone p a r v i f lo r a  
Anemone r ic ha rd so n i i
- 0.1 ♦ 0 .3(0.2)
0 .3  ♦ l . l ( O . B )  
0.5 * 0 .9 (0 .5)  
+
- -
0.4 + 0.9(0 .9) 0.5 + 0.7
Antennaria sp.  
Antennaria f r ie s ia n a . + + - t - -
Arabis  a ren ico la + - t - _ _
Arnica a lp ina  
Arnica  f r ig id a
+
+ - ♦ - - -
1£> 
I—*
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Vegetation Type
Hoist  Sedge 
Tussock, Shrub 
Tundra
H oist  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
H o ist  Sedge 
Tussock/Uet 
Sedge Complex
Hoist Sedge, 
Low Shrub 
Tundra
Hoist/Wet 
Sedge Complex
Wet/Hoist 
Sedge Complex
Wet Sedge 
• Tundra
S a l lx  spp.
S a l ix  a laxensls  
S alix  a r c t lc a  
S a l lx  brachycarpa 
S alix  alauca 
S a l ix  lanata 
S a l ix  o v a l i f o l l a  
S a l ix  phlebophylla  
Sal ix  p l a n i f o l l a  
S a l ix  p o la r is  
S a l ix  r e t i c u l a t a  
S a l ix  ro t u n d ! fo l la
0.1 i  0 .4 (0 .2 )
+
♦
♦
0.8 i  1 .1(1.1)
1.9 ♦ 2 .3(2 .3)
2.4  ♦ 2 .1(1 .2)  
0.3 ♦ 0 .6(0 .4)
♦
♦
♦
0.5 i  1.0(0.7)
4.6 ♦ 5 .8(5.7)
1.6 ♦ 1.2(1.0)  
0.7 * 1.3(1.0)
0.3 ♦ 0 .5(0 .3)  
7.0  ♦ 3 .9(4 .2)
i
0.1 ♦ 0.3(0 .2)
5.7 i  5 .1 (4 .1)
1.5 ♦ 1 .7(1.5)  
1.0 i  1 .1(1.1)
0.5  ♦ 1.1(1.0)
♦
i
♦
8.7 ♦ 7 .6(6 .8)  
0.3  ♦ 0 .5(0 .5)
i
t
i
0.1 ♦ 0 .3(0 .2)
" i  
♦
0.4 i  0 .7 (0 .7)  
0.2 ♦ 0 .4(0 .5)
" i
0 .3  i  0 .5 (0 .3)
2.5  i  1 .9(2 .1)  
1.3 i  1 .3(1.8)
Vacclnlum ullglnosum  
Vaccinium v i t i s - ld a e a
0.1 i  0 .4 (0 .2 )  
0.2 ♦ 0 .6(0 .4)
0 .0 5 i  0 .2(0 .2)  
0.1 ♦ 0.3(0 .2) 1.3 i  1 .0(0.3)
♦
0.1 ♦ 2 .3(2.5)
♦
-
FORBS
A c h i1 lea boreal 1s - - - - - - -
Aconitum d e lp h in i fo l lu m - - - - - - i
Androsace sp.  
Androsace chamaejasme -
- - -
-
Anemone s p .
Anemone p a r v l f lo r a  
Anemone r ic hard so n l l . _
- - 0.1 ♦ 0 .3(0.2)
_
- -
Anennarfa sp. 
Antennaria f r ie s la n a
♦ i - - -
-
-
Arabls  a ren ico la - - - - - - -
Arnica a lp lna  
Arnica f r ig id a
- - - - -
-
<SD
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Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Hoist
Riparian
Complex
Dry Rldgetop  
Barren
Holst  
Gramlnold/ 
Barren Tundra 
Complex
Holst
Streamside
Forb,
Holst Forb, Gramlnold 
Shrub B lu f f s  Tundra
Artemis ia  spp. _ _ _ 1.7 + 5 .9 (5 .5 )  7 .0  ♦ 1.4
Artem isia  a rc t ic a 2.B + 3 .3(3 .3) 0.2  ♦ 0.6(0 .4) 0.3 + 0 .9(0 .6) - - ♦ -
Artemis ia  glomerata ♦ ♦ - ♦ - - -
Artem isia  t i l e s l i - ♦ 0.3 + 1.1(0.8) - - ♦ -
Aster  s ib i r i c u s +■ ♦ 0.3 * 0 .9(0 .6) - - ♦ 2.0  * 2.8
Astragalus  spp. 0.6 4 1 .3(1.1) 0.5 + 1.3(1.3) 1.7 ♦ 3 .3(3.2) 0.1 * 0 .3(0 .2) - _ -
Astraga lus  aboriginum - - - ♦ - - -
Astraga lus  alp inus 2.4 +■ 3.2(3 .2) 1.1 ♦ 2 .7(2.3) 0.3 + 0 .6(0.4) 0.1 + 0 .5(0 .4) - 0.1 + 0 .4 (0 .3 )  -
Astraga lus  umbellatus - 0.3  ♦ 0 .7(0 .6) 0.2 + 0 .6(0 .4) 0 .3  * 0 .6(0 .4) 0.4  + 0 .8(0 .5) 0.7 I 1 .2(1 .2)  -
Boykin ia  r ic h a rd so n i i - - - - - ♦ -
Bupleurum tr irad ia tum - ♦ - - - ♦ -
Caltha p la u s t r is - - - - - - -
Cardamine b e l 1 i d i f o l i a _ ♦ - - ♦ -
tardamine hyperborea - - ♦ - ♦ + -
Cardamine p ratensis * - ♦ - - • ■
C a s t i l l e j a  spp. . - 0.1 * 0 .5(0 .4) - 0.1 * 0 .4 (0 .3 )  -
C a s t i l l e j a  caudata - - * ♦ - ♦ -
C a s t i l l e j a  elegans - - ♦ - - - -
C a s t i l l e j a  hyperborea - - ♦ - - -
Cerastium spp. 0.2 + 0 .6(0 .6) _ _ - 0.04* 0 .2(0 .1)  -
Cerastium beeringianum ♦ + - ♦ - * -
Cerastium jen ise je nse ♦ - ♦ - - ♦ *
Chrysanthemum in te g r i fo l iu m * 0.04+ 0 .2(0 .1) - - + * -
Chrysosplenium tetrandrum * - ♦ - - ♦ -
Cochlearia  o f f i c i n a l i s - + - - - - -
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Vegetation Type
Hoist  Sedge 
Tussock, Shrub 
Tundra
Moist Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Moist Sedge 
Tussock/Wet 
Sedge Complex
Moist Sedge. 
Low Shrub 
Tundra
Moist/Wet 
Sedge Complex
Wet/Moist 
Sedge Complex
Wet Sedge 
Tundra
Artemis ia  spp.
Artemis ia  a r c t ic a - - _ _ _ _ _
Artemis ia  glomerata _ _ _ _
Artemis ia  t i l e s i i - - - - - - -
Aster s i b i r i c u s - - - - - - -
Astragalus spp. + _ _ _
Astragalus aborlginum - - - - - - -
Astragalus alp lnus - - - ♦ - - -
Astragalus umbellatus ♦ - - ♦ ♦ + -
Boyklnla  r lc h a rd so n i i - - - - - - -
Bupleurum tr ira d ia tu m - - - - - - -
Caltha p ia u s t r i s - - - - - 0.1 + 0 .3(0.3) ♦ ♦
Cardamine b e l l i d i f o l i a ♦ _
Cardamine hyperborea ♦ 0.05+ 0 .2 ( 0 . ;‘ ) ♦ ♦ ♦ ♦ -
Cardamine pratensis - - - - - ♦
C a s t i l l e j a  spp. _ _ _ _
C a s t i l l e j a  caudata - _ _ _
C a s t i l l e j a  elegans ♦ ■ - _ _ _ • _
C a s t i l l e j a  hyperborea * - - - - - -
Cerastium spp. _ . .
Cerasti'um beeringtanum _ _ _ _ _
Cerastium jen ise je nse - - - - - ♦
Chrysanthemum in tegrifo lturn * - - ■ - - - -
Chrysosplenium tetrandrum * - - - - - ♦
C ochlearia  o f f i c i n a l i s - - - - - - _
Appendix B. Continued.
Vegetation Type
Ory Gravel 
Bars
Dry R iparian  
Terrace
Ory/Moist
Riparian
Complex
Ory Ridgetop  
Barren
Hoist 
Graminoid/ 
Barren Tundra 
Complex
Moist Forb,  
Shrub B l u f f s
Hoist
Streamside
Forb,
. Graminoid 
Tundra
Crepis  nana - - ♦ - - - -
Oelphinium brachycentrura - - ♦ - - + -
Oodecatheon frig idum - - - - ♦ -
Oraba spp. _ _ ♦ + ♦ 0.1 ♦ 0 .4(0 .4) *
Draba h i r t a ♦ ♦ ♦ - - ♦ -
Draba longipes - - - - - ♦ -
Draba macrocarpa ♦ - - - + ♦ "
Draba pi'losa - - - ■ -
Oryas spp. 1.2 ♦ 2 .3(2.0) 9.7 + 7 .2(7 .3) 3.6 + 3 .4(3.3) 14.6+ 6 .1 (3 .2 ) 9.6 + 5 .3(5 .3) 6 .3  + 6 .7 (6 .6 )
Epilobium davuricum _ _ - _ + * -
[pitoblura l a t i f o l iu m 2.8  ♦ 2.B(2.4) 0.2 ♦ 0 .7(0 .7) 0 .8  + 1.6(1.3) - - 1.0 + 2 .5 (2 .4 ) ♦
Equisetum spp. ♦ 4.1 ♦ 4 .6(4 .5) 5.3 + 6 .B ( 6 .7 ) - - 1.4 ♦ 3 .3(3 .3) 2.0 ♦ 0.0
Equisetum arvense - ♦ - - - - -
Equisetum variegatum - ♦ ♦ - ■ ~
Erigeron spp. - 0.2 ♦ 0 .6(0 .6) 0.1 ♦ 0.3(0 .2) - - 0 .3  + 0 .2 (0 .5 ) 1.0 ♦ 0.0
Erigeron eriocephalus - - ♦ - - ”
Erigeron humilis ♦ ~ + ■ - +
E r it r ic h iu m  a r e t io id e s - - - - - - -
Eutrema edwardsii - - - - ♦ + -
Gentiana spp. - _ - - 0.04+ 0 .2(0 .1) -
Gentiana propinqua - 0.1 ♦ 0 .3(0 .2) - - - «• +
Gentiana prostra ta “ ♦ +
Geum g la c ia te - - - - - 0.2 ♦ 0.7 (0.6) -
cn
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Vegetation Type
H o is t  Sedge 
Tussock, Shrub 
Tundra
Hoist  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Ho ist  Sedge 
Tussock/Wet 
Sedge Complex
Hoist  Sedge, 
Low Shrub 
Tundra
Hoist/Wet Wet/Hoist 
Sedge Complex Sedge Complex
Wet Sedge 
Tundra
Crep is  nana - - - - - - -
Delphinium brachycentrum + + - - - - -
Dodecatheon frigidum - - - 4 - - -
Draba spp. ♦ ♦ ♦ 4 - 4 _
Draba h ir ta - - - - -
Draba Tohgipes - - - - - - -
Draba macrocarpa - ♦ - - - - -
braba p ltosa - ♦ ■f “ - *
Dryas spp. 4.7 ♦ 2 .2(1 ,7) 3.2 4 2 .5(2 .2) 0 .3  + 0 .5 (0 .3 ) 1.6 ♦ 2 .0(1 .9) 1.3 4 2 .3(2 .5)  2.3 4 1 .9(1 .7) -
Epilobium davuricum 4 t _ 4 _ _ -
Epliobium la t i f o l iu m - - - - - - -
Equisetum spp. + t _ 0.5 4 1 .2(1.2) 4 0.4 ♦ 1 .0(0.7) 0.5 4 1.0(1.0)
Equisetum arvense _ _ _ _  . _
Equisetum variegatum - - - 4 - - -
Erigeron spp. - - - - -  - -
Erigeron eriocephalus - - - - -  - -
Erigeron humil is - - - - - - -
E r i t r ic h iu m  a re t io id e s - - - - - - -
Eutrema edwardsii 4 t - 4 4 - -
Gentiana spp. _ _ _ _
Gentiana propinqua - - - - -  - -
Gentiana p rostrata - - - - - - -
Geum g la c ia te * 4 - - -  - -
VXD
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Vegetation Type
Dry Gravel 
Bars
Dry Riparian 
Terrace
Dry/Hoist
Riparian
Complex
Dry Ridgetop 
Barren
Moist 
Graminoid/ 
Barren Tundra 
Complex
Hoist Forb, 
Shrub Bluffs
Moist 
Streamside 
Forb, 
Graminoid 
Tundra
Hedysarum spp. 0.1 ♦ 0.5(0.3) 0.3 + 0.9(0.6) _ _ _
Hedysarum alptnum * 0.3 + 0.9(0.6) 0.7 ♦ 2.1(1.8) " - 0.2 * 1.0(0.7) -
Hedysarum hedysaroides - - + - - - -
Hedysarum macxenzii 0.6 * 1.3(1.3) 0.3 + 1.1(0.7) O.B * 2.0(2.0) “ ■ ♦ *
Lagotis glauca - - + - + ♦ -
Lloydia serotina ♦ <■ - - ♦ 0.04* 0.2(0.1) -
Lupinus arcticus - 0.3 + 0.9(0.9) - - - - -
Helandrium spp. + , _ ♦ - - - -
Helandrium affine - - - - - - -
Helandrium apetalum - ♦ - - - ♦ -
Helandrium iaylorae - -  , - - - - -
Hinuartia sp. _ _ - - - - -
Hinuartla arctica ♦ ♦ - + 0.1 * 0.3(0.2) 0.2 * 0.4(0.3) -
Hinuartia rubella - - ♦ - - -
Myosotis alpestris - - - - - 0.1 * 0.4(0.3) ♦
Oxyria digyna - - 0.1 ♦ 0.3(0.2) - - 0.9 * 2.8(2.4) 14.5* 4.9
Oxytropis sp. 0.6 + 1.0(0.9) 0.6 + 1.1(0.7) - - *• - -
Oxytropis borealis 1.6 + 3.1(2.B) 0.9 ♦ 1.3(1.1) 1.7 * 4.0(3.8) - - 0.2 ♦ 1.2(0.8) -
Oxytropis campestris 0.1 * 0.3(0.2) 0.1 + 0.5(0.3) - - - 0.2 ♦ 0.8(0.7) -
Oxytropis maydelliana + <■ 0.3 * 0.8(0.8) *• 0.2 ♦ 0.6(0.4) 0.04* 0.2(0.1) -
Oxytropis nlgrescens - 0.9 ♦ 2.6(2.5) <■ 1.6 * 1.7(1.3) 0.5 * 1.0(0.8) + -
Papaver spp. ♦ 1.5 + 5.3(5.3) + _ 0.4 * 0.7(0.6) - -
Papaver huitenil - - - - - -
Papaver lapponlcum - - - - - ♦ -
Papaver macounil - - - ■f ♦ 0.04* 0.2(0.1) -
Parnassia kotzebuei * + * - - ■f -
Appendix B. Continued.
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Vegetation Type
H oist  Sedge 
Tussock, Shrub 
Tundra
Moist Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Moist Sedge 
Tussock/Wet 
Sedge Complex
Moist Sedge, 
Low Shrub 
Tundra
Moist/Wet 
Sedge Complex
Wet/Molst 
Sedge Complex
Wet Sedge 
Tundra
Hedysarum s p p . . _ „ • _ . - -
Hedysarum alpinum - - - - - - -
Hedysarum hedysaroides - - - + - - -
Hedysarum maclenzit - - - - ■ ■ -
Lagotis  glauca + + - ♦ ♦ - -
Lloyd ia  serot ina - - - - - -
Lupinus a rc t ic u s 0.1 + 0 .5(0 .4) - - - - - -
Helandrium spp. _ _ _ - - - -
Helandrium a f f in e _ - - - - - -
Helandrium apetalum - - - + -
Helandrium taytorae - - - - - - -
H in u art ia  sp. _ _ . _ -
H inuart ia  a r c t ic a t 0 .2  + 0 .4(0 .3) - ♦ ♦ + -
Hinuart ia  ru b e l la - - - - - - -
Hyosotis  a lp e s t r i s - ♦ - - - - -
Oxyria digyna - - - - - - -
Oxytropis  sp. ♦ - - - - - -
Oxytropis  b o r e a l is - - - - - - -
Oxytropis  campestris - - - - - - -
Oxytropis  maydell iana + 0.05+ 0 .2(0 .2) - - - - -
Oxytropis  n igrescens + ♦ - . - ♦ - - • '
Papaver spp. + ♦ - - ♦ ♦ -
Papaver h u lte n i i - - - - - - -
Papaver lapponicum - - - - - - -
Papaver macouni i + + • - - - ■
Parnassia  kotzebuei - - - - - - -
Appendix B. Continued.
Vegetation Type •
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Moist
R iparian
Complex
Dry Ridgetop  
Barren
Hoist  
Graminoid/ 
Barren Tundra 
Complex
Moist Forb,  
Shrub B lu f f s
Hoist  
Streamside  
Forb,  
Graminoid 
Tundra
Parrya n u d ic a u l ls  - * - ♦ ♦ ♦ 0.6 + 1.0(1.0) 0.2  + 0.6(0.6) -
P e d ic u ia r is  spp. . _ ♦ _ + +
Pedicuiaris capitata - 0.1 + 0 .3(0 .2) ♦ 0.3  + 0 .5(0 .5) 0.1 + 0 .3(0 .2) 0.1 + 0 .3(0 .2) -
P e d ic u ia r is  kanei - ♦ _ 0.2 + 0.6(0.6) 0.1 + 0 .3(0 .2) - -
Pedicuiaris labradortca . _ ~  _ " _ - -
P e d ic u ia r is  la n g s d o r f f i i - 0.1 t  0 .5 (0 .3) ♦ - ♦ - -
Pedicuiaris sudetica . ♦ ♦ - ♦ - -
Pedicuiaris verticlllata - 0 .3  + 0 .9(0.7) 0 .2 * 0.6(0.4) - ♦ + -
Petas ites  f r ig id u s - - 0.1 ♦ 0.3(0 .2) - ♦ 0.3 + 0.B(0.6) 1.5 + 0.7
Phlox s i b i r i c a - - t - - -
Poleroontum acut if lorum . 0.3 ♦ 0 .9(0 .6) ♦ ♦ 0.2  + 0 .5(0 .4) 2.5 + 0.7
Potemonium boreale 0.7 ♦ 1.3(1.3) ♦ ♦ - - - ‘  -
Polygonum bistorta - 0.04+ 0 .2(0 .1) ♦ 0.1 + 0 .3(0 .2) ♦ 0.7 + 1.4(1.3) -
Polygonum viviparum ♦ 0.5 + 1.1(0.9) 1.6 + 2 .5(2.5) 0.1 + 0 .3(0 .2) 0.2 ♦ 0 .4(0 .4) 0.4 ? 0.6(0.5) 0.5 + 0.7
P o te n t !1 la  b i f l o r a  ‘ _ ♦ 0.2 + 0.6(0.4) ♦ 0 . 1  ♦ 0.4(0 .3) .
Potentilla elegans - - - + - — - -
Potentilla hyparctlca - - - - + -
Pyrola  sp. . _ _ _ • _ _
Pyrola grandiflora . . ' - - - - 0.1  + 0 .4(0 .3) -
Pyrola secunda - - - - - -
Ranunculus spp. ♦ 0.5 + 0.7
Ranunculus nivalis _ _ _ + '  +
Ranunculus pedatifidus - - - - - -
Rumex a rc t tcu s  - - - ♦ - ♦ - -
Saussurea a n g u s tt fo l ta - ♦ 0.1 + 0.3(0 .2) 0.1 + 0 .3(0 .2) 0.3 ♦ 0 .7(0 .6) 0 . 6  + 0.9(0 .8) -
Saxifraga spp. _ ♦ 0.1 + 0.3(0 .2) + ♦ 0.04+ 0.2(0.1) .
Saxifraga bronchia l is * * * - - - - -
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Vegetation Type
Hoist Sedge 
Tussock, Shrub 
Tundra
Holst  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Moist Sedge 
Tussock/Wet 
Sedge Complex
Moist Sedge, 
Low Shrub 
Tundra
Moist/Wet 
Sedge Complex
Wet/Moist 
Sedge Complex
Wet Sedge 
Tundra
Parrya n u d ie au l is ♦ ♦ - ♦ ♦ - -
P e d icu ia r is  spp. + - _ 0.1 + 0 .3(0 .2) -
Pedicuiaris capitata + 0.05+ 0 .2(0 .2) - ♦ + ♦ -
Pedicuiaris kanei - - - - ♦ - -
Pedicuiaris labradorica . - - - ♦ -
Pedicuiaris langsdorffii 0.1 ♦ 0.3(0 .2) ♦ ♦ ♦ ♦ 0.1 + 0 .3(0 .2) -
Pedicuiaris sudetica _ ♦ - + - 0.1 4 0 .3(0 .2) ♦
P e d ic u ia r is  v e r t i c l l l a t a - - - - - - -
Petas ites  f r ig id u s 0.2 ♦ 0 .6(0 .6) 0 .6  4 1 .8(1.7) ♦ 0.2 ♦ 0.6(0.4) - - 4
Phlox s i b i r i c a - - - . - - - -
Po1emoniurn acut if lo rum + ♦ _ ♦ - _ 0.5  4 1 .0(1 .0)
Polemonturn borea le - - - - - - -
Polygonum b ls t o r t a 0.3 + 0 .6(0 .6) 0 .2  4 0 .4(0 .4) ♦ ♦ 4 -
Polygonum viviparum 0.1 + 0 .3(0 .2) 0.1 4 0 .3(0 .2) - 0.1 + 0 .3(0 .2) ♦ 0.2 4 0 .4(0.3) ♦
P o t e n t i l la  b i f l o r a _ ♦ _ ♦ - -
Potent!1 la elegans - - - - - - -
P o t e n t i l l a  hyparct ica - - - - - -
Pyrola sp. ♦ - 0.1 + 0 .3(0 .2) - - -
Pyrola grandiflora 0.1 4 0 .3(0 .2) 0.1 4 0 .3(0 .2) ♦ ♦ 0.4 + 0 . 7 ( 0 . ; ) ♦ -
Pyrola secunda - ♦ - - “ * -
Ranunculus spp. _ _ ♦ _ - -
Ranunculus nival is - - - - - - -
Panunculus pedatlfidus - - - ♦ - - 4
Rumex a r c t ic u s ♦ ♦ ♦ - - - -
Saussurea a n g u s t i f o l ia ♦ 0.2  4 0 .5(0 .5) - ♦ ♦ - -
Saxifraga spp. ' ♦ - - - - - -
Saxifraga bronchia l  is - ♦ - - - - -
Appendix B. Continued.
Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Moist 
Riparian  
Complex
Hoist 
Graminoid/ 
Dry Rldgetop Barren Tundra 
Barren Complex
Moist Forb, 
Shrub B lu f fs
Holst  
Streamside 
F o r b , 
Graminoid 
Tundra
Saxifraga caespitosa ♦ „ _ . -
Saxifraga cernua - - 0.1 + 0.3(D.2) - 4- 0.1 + 0.3(D.2) ♦
Saxifraga e x f l i s - - - - - ■ “
Saxifraga f i a g e l l a r i s - - ♦ - - + *
Saxifraga f o l i o l o s a . - - - - - *
Saxifraga h i e r a c i f o i i a . ♦ ♦ 4- ♦ 0.04+ 0 .2(0.1) -
Saxifraga h ir c u lu s - + ♦ - 4- ♦ “
Saxifraga n i v a l i s - - ♦ - “ - -
Saxifraga o p p o s i t i f o l i a + 0.1 + 0 .4(0 .3) ♦ ♦ 0.2  + 0 .4(0 .3) ♦ -
Saxifraga punctata - ♦ 0. 1 ♦ 0 .3(0 .2) 0.1 ♦ 0 .3(0 .2)  - 0.2 + 0 .7(0 .5) 3.0 ♦ 0.0
Saxifraga rivularis - ' - - “ - ♦
Senecio atropurpureus - ♦ ♦ 0.1 ♦ 0 .3(0 .2)  0.5 ♦ 0 .9(0 .6) 0.2 + 0.6(0.4) -
Senecio hyperborea!Is ♦ - - -  - “
Senecio lugens + + ♦ -  - 0.9  ♦ 1 .9 (1 .B) 2.0 ♦ 2.B
Senecio resedifoltus . ♦ 0.1 ♦ 0 .3 (0 .2 )  + ♦ -
Senecio yukonensis - ♦ - ~ -
S i le ne  acau)is ♦ + ♦ ♦ ♦ -
S t e l l a r i a  spp. 0.1 + 0 .5(0.3) 0. 5 ♦ 0 .7(0 .6) 0.1 + 0 .3(0 .2)  0.1 + 0 .3(0 .2) O.B ♦ 1.0(0.9) 0.5 ♦ 0.7
Steliaria laeta ♦ - ♦ - + • ♦ -
S t e l l a r i a  monantha ♦ - ♦ ■ ~ ♦
Taraxacum spp. + ♦ ♦ - - - -
Thalictrum alpinum - - ♦ - - -
Thlasp 1 arcticum - - - - - -
T o f i e id ia  spp. _ - - - - -
Tofieldia coccinea - ♦ - + - - -
Tof leldTa p'usTlTT - ♦ - - - ♦ ■
Valeriana  c a p ita ta - + ♦ - ♦ 0.2  + 0 .4(0 .3) • ♦
Uilhe lm sia  physodes ♦ ♦ - - 0.1 ♦ 0.4(0 .3) 3.0 ♦ 2.B
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Vegetation Type
Holst  Sedge 
Tussock, Shrub 
Tundra
Holst  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Hoist Sedge 
Tussock/Wet 
Sedge Complex
Hoist  Sedge, 
Low Shrub 
Tundra
Hoist/Wet 
Sedge Complex
Wet/Hoist 
Sedge Complex
Wet Sedge 
Tundra
Saxifraga caesp itosa _ _ _ _
Saxifraga cernua + + - 0.1 + 0 .3(0 .2) + + ■f
Saxifraga e x i l i s - • - - - - + -
Saxifraga f i a g e l l a r i s - - - - - - -
Saxifraga f o l i o l o s a - - - - - + -
Saxifraga h t e r a c i f o l i a ♦ + - + - + +
Saxifraga hirculus + * - + + + 0.3 + 0 .5 (0 .5 )
Saxifraga nivalis - - - - - - -
Saxifraga oppos)tifolia + 0.05* 0 .2(0 .2) - ♦ - - -
Saxifraga punctata 0 .?  * 0 .6(0 .4) + 0.3 + 0 .5(0 .3) 0.1 + 0 .3(0.2) + ♦ -
Saxifraga rivularis - - - “ - -
Senecio atropurpureus 0.1 * 0 .3(0 .2) 0 .2  + 0 .5(0 .4) ■f 0.1 + 0 .3(0.2) ♦ + -
Senecio hyperborealis - - - - - - -
Senecio lugens - - - - - - -
Senecio r e s e d i f o l iu s * + - ■f - - -
Senecio yukonensis - - - - - - -
Sile ne  a ca u l is + 0.05+ 0 .2(0 .2) - - - + -
S t e l l a r i a  spp. 0.2 * 0 .4(0 .4) 0.1 + 0 .3(0.2) 0.3 + 0 .5(0 .3) 0.3 + 0 .6(0.4) 0.1 + 0 .3(0 .3) + 0.3 + 0 .5(0 .5)
S t e l l a r i a  laeta - + - * - + -
Stellaria monantha - + - ♦ - + -
Taraxacum spp. - - - - - - -
Thaiictrum alpinum - - - - - - -
Thlaspi arcticum - - - - - - -
T o f i e ld ia  spp. _ _ _ _ _ -
T o f i e ld ia  coccinea ■f - _ _ _ - -
T?f le 1 d ia  pus)I l a - - - - - + -
Valeriana cap lta ta + 0.05+ 0 .2(0 .2) - 0.3  + 0 .6(0 .4) + ■f
U ilhe lm sia  physodes - - - - - - -
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Appendix B. Continued.
Vegetation Type
Dry Gravel 
Bars
Dry R iparian  
Terrace
Dry/Moi st 
Riparian  
Complex
Dry Ridgetop  
Barren
Moist  
Graminoid/ 
Barren Tundra 
Complex
Moist Forb,  
Shrub B lu f f s
Moist  
Streamside 
F o r b , 
Graminoid 
Tundra
Uoodsia g la b e l la - - - + - - -
Forb (u n id e n t i f ie d ) _ 0.3 ♦ 0.5(0.5) 0.5 ♦ 0 .9(0 .6) 0.1 ♦ 0 .5(0 .4) 0.4 + 0 .7(0 .6) 0.6 + 1.2(0.9) -
Composite (u n id e n t i f ie d ) - 0.04? 0 .2(0 .1) ’ - ~ + “
Legume (u n id e n t i f ie d ) - 0.8 ? 2.0(2.0) 0.1 + 0 .3(0 .2) + “
C r u c i f e r  (u n id e n t i f ie d ) * ‘
LICHENS (u n id e n t i f ie d ) - 4.5 + 6 .6(5 .7) 1.1 t 1.6(1.5) 14.8+11.2(10.5) 3.3 + 3 .6(3.6) 1.8 + 3 .3(3.1) 0.5 ♦ 0.7
C e t r a r ia  spp. - 0.7 + 1 .9(1.7) 0.1 ♦ 0 .3 (0 .2 ) 2.6  + 2 .5(2 .5) - 0.3 ♦ 1.2(1.0) -
Cladonia  spp. - ' - - - - - -
Dacty l ina  spp. - 0.1 + 0 .3(0 .2) 0.1 + 0 .3 (0 .2 ) 0.1 + 0 .3(0 .2) 0 .5  + 1 .0(0.6) 0.04+ 0 .2 (0 .1 ) -
Thamnolia ve rm icu lar is - 1.1 ♦ 1.7(1.5) - 1.7 t 2 .2(2.1) 0.B + 1.4(1.1) 0.5 + 1 .2(1.2) -
F o l io s e  l ic h e n  (u n id e n t i f ie d ) - + + - - - -
OTHERS
Liverworts (u n id e n t i f ie d ) - - - - - 0.1 + 0 .3 (0 .2 ) -
Fungi (u n id e n t i f ie d ) - - 0.1 + 0 .3(0 .2) - - - -
Mosses (u n id e n t i f ie d ) 1.3 ♦ 2 .3(2 .2) 14.0+11.5(10.9) 20.3+12.2(12.1) 7.9 + 9 .8(10.0) 25.4+ 5 .7(4 .3) 14.8+ 9 .8 (8 .9 ) 1.0 + 0.0
L i t t e r 10.5+ 9 .4 (9 .5 ) 31.3+12.1(11.7) 25.3* 9.B(B .9) 30.5+ 9.7(9 .3) 31.4+ 6 .5(5 .8) 25.3+13.7(13.5) 8.5 ♦ 0.7
Soil  or Sand 18.0+ 7 .7(6 .9) 0 .3  + 1 .0(0.7) 7.4 ♦12.3(12.5) 5.3 ♦ 5.1(5 .1) 5.6 ♦ 4 .5(3 .8) 7.3 + 7 .8(7 .0) 0 .5  + 0.7
Rock 49.1+16.1(16.1) - 0.7 ♦ 1.8(1.2) 10.B+11.1(11.0) 0 .3  ♦ 1.2(0.8) 1.7 ♦ 3.7(3 .2) -
Hater - - - - - - -
I—»o
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Appendix B. Conttnued.
Vegetatton Type
Moist Sedge 
Tussock, Shrub 
Tundra
Holst  Sedge 
Tussock/Non­
tussock Sedge 
Complexes
Moist Sedge 
Tussock/Wet 
Sedge.Complex
Moist Sedge, 
Low Shrub 
Tundra
Mol St/Wet 
Sedge Complex
Wet/Holst 
Sedge Complex
Wet Sedge 
Tundra
Woodsla g la b e l la - - - - - - -
Forb (u n id e n t i f ie d ) 0.2 + 0.6(0.6) 0.1 + 0 .3(0.2) - 0.1 + 0 .3(0 .2) 0.3 + 0 .7 (0 .5 ) - 0.3 + 0 .5(0 .5)
Composite (u n id e n t i f ie d ) " - ’ - - ' - ' + - -
Legume (u n id e n t i f ie d ) - - - - - -
C r u c i f e r  (u n id e n t i f ie d ) - ~ + +
LICHENS (u n id e n t i f ie d ) 1.1 + 0 .9(0 .8) 2.2 + 2.1(1.4) 1.0 + 1 .4(0.7) 0.2  + 0 .4(0 .3) 0.4 + 0 .7 (0 .5 ) + -
C e tr a r la  spp. + 0.05+ 0 .2(0 .2) - - 0.4 + 0 .7 (0 .5 ) 0.2 + 0 .6  0 .5) -
Cladonla  spp. + + + - - - -
Dactyltna  spp. 0.1 + 0 .3 (0 .2 ) 0.1 + 0 .5(0 .3) - + - + -
Thamnolta vermtcularts 0.2 + 0 .4(0 .3) 0.3 + 0 .5(0.4) - + + + -
F o l lo s e  l ic h e n  (u n id e n t i f ie d )i + + - + - + -
OTHERS
Liverworts  (u n id e n t i f ie d ) - - - - - - -
Fungi (u n id e n t i f ie d ) - - - - - + -
Mosses (u n id e n t i f ie d ) 16.1+ 8 .2 (7 .2 ) 14.8+ 5 .6(4 .8) 10.2+ 5 .1 ( 1 .B) 10.6+ 7 .6(7 .4) B.5 + 3 .5(3 .0) 6.B  + 3 .5(2 .1) 3.5 + 2 .5 (2 .1 )
L i t t e r 40.9+ 5 .5(4 .4) 41.4+ 8.5(8 .0) 50.5+ 9 .7(6 .4) 41.7+ 8 .3(7 .5) 51.9+ 8 .6(5 .9) 44.7+ 5 .6(4 .5) 24.3+15.1(18.0)
Soil  or Sand 0.9 + 1 .2(0 .9) 0.4  + 0 .8 (0 .6 ) 0.5  + 1 .0(0 .7) 0 .3  + 0 .6(0 .4) - 8.2 +12.1(12.7) -
Rock - - - - - 0.3 + 0 .9(0 .7) -
Water - 0.6  + 2 .4(1 .7) - 0.3  + 0 .8(0 .8) 0.9  + 1 .1(0 .9) 4.9 + 7 .8(8 .0) 11.5+ 8 .4(9 .9)
Appendix C. Percent cover of  major taxa and cover ca tegor ies  fo r  177 ocu lar  estimates (re le ve s)  made In conjunction  
with p o in t- in te r c e p t  transects  to  d escr ib e  16 vegetation types.  Data for  Hoist  Sedge Tussock/Non-tussock  
Sedge Tundra Complex and Moist Sedge/Tussock Tundra Complex have been combined in to  Moist Sedge 
Tussock/Non-tussock Sedge Complexes. ♦ in d ica te s  < 0.2% cover;  - in d ic a te s  absence. (Mean ♦ S . E . ) .
Vegetation Type
Dry Gravel 
Bars
Dry
Ripar ian
Terrace
Dry/Moist 
R1pari an 
Complex, 
Non-Wi1 low 
Thicket
Dry/Moist 
Riparian  
Complex, 
Willow 
Thicket
Dry
Ridgetop
Barrens
Moist
Graminoid/
Barren
Complex
Hoist
Forb,
Shrub
B lu f f s
N 17 12 24 15 14 14 19
Sedges, Grasses,  A Rushes 3.2 ♦ 4.1 6 .3  + 8.5 7.2 ♦ 15.1 10.5 ♦ 13.3 1.5 + 2.8 12.6 + B.9 7.6 ♦ 9.9
Eriophorum vaginatum - - - - - - -
Tussocks - - - - - - -
Medium A T a l l  Willows _ 1.6 + 3.0 5.4 + 7.7 62.0 ♦ 15.0 - - 4.2 + 10.1
Low Willows - - - - - - -
Low A Dwarf Willows - - - - ■ “
Dwarf 4 Pro s trate  Shrubs - 5.3 + 7.5 12.7 ♦ 13.9 5 .2  + 10.3 - 5.0 ♦ 5.5 10.2 ♦ 16.4
Prostrate  Willows - - - - 0.6  + 1.3 - -
Sa l ix  a laxens ls 2.3  + 3.0 - - - - - -
Betula  nana - - - - - - ♦
Cassiope tetragona - - ♦ - + - 4.9  + 9 .0
Vpccinium ulig inosum _ - - - + - 0.4 + 1.2
Vaccinium v i t i s - i d a e a - - - - - -
Arctostaphylos rubra - - - 0.7 ♦ 2.6 - - -
Ledum pa lus tre - - - - - - -
Dryas spp. + 33.7 + 22.9 15.5 + 18.7 0.3 ♦ 1.3 16.4 + 7.2 14.4 + 11.4 12.9 + 14.0
Forbs (Other) 1.2 ♦ 1.9 0.5  + 0.5 4.5 ♦ 5.7 1.1 + 2 . 8 0.6  ♦ 0.5 1 . 1  ♦ 1 . 2 7.2 + 4.1
A c h i l le a  b o re a l is - - - - - - 1.4 ♦ 5.1
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Appendix C. Continued.
Vegetation Type
Moist  
Streamside 
Forb,  
Graminoid 
Tundra
Moist  
Sedge 
Tussock, 
Shrub 
Tundra
Moist Sedge 
Tussock/ 
Non-tussock 
Sedge 
Complexes
Hoist Sedge 
Tussock/ 
Wet Sedge 
Complex
Moist 
Sedge, 
Low Shrub 
Tundra
Moist/Wet
Sedge
Complex
Wet/Moist
Sedge
Complex
Wet
Sedge
Tundra
N 2 12 16 3 15 2 8 4
Sedges, Grasses,  & Rushes 35.0 ♦ 21.2 16.3 ♦ 15.0 35.9 ♦ 13.6 26.7 + 15.3 34.7 ♦ 1 2 . 2 57.5 ♦ 3.5 31.9 ♦ 11.6 63.7 ♦ 18.0
Eriophorum vaginatum - 8.5  ♦ 6.9 2.9 ♦ 2.1 6.7 + 2.9 - - - -
Tussocks - 48.3 + 16.7 17.7 ♦ 9.0 13.3 ♦ 11.5 - - - -
Medium t  Ta)1 U i 1 lows - - - -
Low Willows - - - - 20.7 ♦ 22.4 - - -
Low t Dwarf Willows - 4.3 + 5.5 22.8 ♦ 21.4 - - 17.5 + 10.6 0 .6  e 0.5 6.3 + 2.5
Dwarf i P ro s tra te  Shrubs - - - 2.3 ♦ 2.3 - - - -
Prostrate  Willows 2.5 * 3.5 6.8  ♦ 5.6 4.3 ♦ 3.5 - 2.1 ♦ 3.6 - 0.6  *_ 0.5 -
Sa l ix  a laxensis - - - - - - - -
Betula nana - 0.5  ♦ 1.4 - 8.3 ♦ 7.6 2.0  ♦ 6.5 1.0 ♦ 0 .0 -  -
Cassiope tetragona - - 0.2 ♦ 0.4 0.7 ♦ 0.6 - - - -
Vaccinium uliq inosum _ - - - - - -
Vaccinlum v i t l s - i d a e a - - - 3.3 ♦ 2.9 - - - -
Arctostaphylos rubra - - - - - - - -
Ledum palustre - - - 5.0  ♦ 5.0 - - - -
Dryas spp. - 4.3 ♦ 4.4 2.0 ♦ 2.B 0.3 * 0.6 0.5 t 1-3 - 0.4 + 0.5 -
Forbs (Other) 7.5 ♦ 3.5 1.3 ♦ 1.8 2.3 * 2.5 + 0.6 * 1.3 1.0 + 0 .0 0 .3  ♦ 0.5 4.3 * 4.3
A c h i l le a  boreal is 0.5 + 0.7 - - - - - - -
I—*o
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Appendix C. Continued.
Ory/Moist Ory/Hoist
Riparian Ripar ian Moist Hoist
Ory Complex, Complex, Ory Graminoid/ Forb,
Dry Gravel Riparian Non-HI 1 low Hi 1 low Ridgetop Barren Shrub
Vegetation Type Bars Terrace Thicket Thicket Barrens Complex B lu f f s
Anemone p a r v l f lo r a _ - - 2.6 4 8.0 - - -
Artem is ia  spp. 6.9 ♦ 9.0 - - - - - 2.4 ♦ b.9
Epilobium latifolium O.S 4 1.2 - 0.8 4 3.2 0.3 4 1.3 - - 2.0 ♦ t>.9
Equisetum spp. ♦ 4 4.8 4 14.3 10.0 4 15.8 - - 1.1 ♦ 4.6
Legumes IB.6 ♦ 17.2 12.3 ♦ 9.7 21 . 1 4 16.8 6.1 4 12.8 4.1 4 3.8 1.1 4 1.7 1.7 ♦ b.8
Oxyria diayna - - - - - - 1.5 ♦ 3.2
Pedlcularis spp. 0.6 ♦ 1.7 - - - - - -
Petasites frigidus - - 0.6 4 2.2 0.7 4 2.6 - - -
Polemonium a cu t l l lo rum _ - 0.4 4 2.0 - - - -
Polemonium boreale 4 - - - - - -
Ranunculus spp. - - - - - - -
Saxifraga punctata - - - - - - -
*>enec)a lugens - - - - - - 1.6 ♦ 4.7
Wilhelmsia  physodes - - - ' “ ” ~
Hoss and Liverworts 0.4 4 1 . 2 5.B 4 8.6 19.5 4 25.3 16.6 4 20.3 0.5 4 1.3 50.0 ♦ 17.4 12 . 2 13.9
Lichens and Fungi - 21.7 4 21.5 4 4 24.3 4 13.0 2.2 ♦ 4.0 3.3 ♦ 6.2
L i t t e r 1.5 ♦ 4.2 21 .8 ♦ 17.4 12.8 4 14.0 27.3 4 23.6 15.2 4 12 . 6 18.3 20.0 21 .0 16.1
S o i l ,  Rock, or Sand 62.4 4 23.7 3.9 4 5.4 7.0 4 15.7 3.2 4 5.8 47.1 4 20.6 12.3 ♦ 12 . 2 14.6 16.2
Hater _ - - - - - -
Appendix C. Continued.
Vegetation Type
Hoist
Streamside
Forb ,
Graminoid
Tundra
Hoist  
Sedge 
Tussock, 
Shrub 
Tundra
Hoist Sedge 
Tussock/ 
Non-tussock 
Sedge 
Complexes
Holst  Sedge 
Tussock/ 
Wet Sedge 
Complex
Holst  
Sedge, 
Low Shrub 
Tundra
Moist/Wet
Sedge
Complex
Wet/Hoist
Sedge
Complex
Wet
Sedge
Tundra
Anemone p a rv i f lo ra
Artem is ia  spp. 3.0 + 2.8 - _ - _
Epilobium 1 atifolium - - - _ _ - _
Equisetum spp. 2.5 ♦ 3.5 - - _ _ _ _
Legumes - - _ _ _
Oxyria digyna 25.0 ♦ 7.1 _ - _ _ _
Pedicularfs spp. * _ _ _ _ _
Petasites frigidus 7.5 t 3.5 _ _ _ _ _
Polemontum acutlflorum 7.5 ♦ 3.5 _ _ _
Polemonium boreale * _ _ _ _ _ _
Ranunculus spp. 0.5  t 0.7 _ _ _ _ _
Saxifraga punctata 3.0 i 2.8 - - - - - _
Venecia iugens _ - _ _ - _ _ _
Uilhelmsis physodes 2.5 ♦ 3.5 - - - - - -
Moss and l iverw orts 5.0  ♦ 0 .0 47.5 + 18.0 35.9 + 23.6 25.0 + 22.9 23.8 + 23.5 - 4.1 + 5.6 5.3 + 3.7
Lichens and Fungi - 0.7 ♦ 1.4 0.6 ♦ 0.5 6.7 ♦ 7.6 ♦ - 0.3 + 0.5 -
L i t t e r 3.0 ♦ 2.8 31.3 ♦ 8.0 35.3 + 19.4 23.3 + 23.1 57.0 + 21.9 72.5 + 3.5 40.0 + 23.3 80.0 + 10.8
S o i l ,  Rock, or Sand 13.0 ♦ 17.0 0.3 + 0.5 0.4 + 0.5 - 0.7 + 1.8 - 31.9 + 27.8 -
Water _ _ ♦ 0.4 + 1.3 11.3 + 19.8 22.5 + 14.4
h-*o
00
Appendix  D. Twinspan g roup in g  o f  t r a n s e c t s .  R e p l i c a t e  t r a n s e c t s  denoted “ a“ and "b“ w ith  same t r a n s e c t  number; * I n d i c a t e s  
s e p a r a t io n  o f  r e p l i c a t e  t r a n s e c t s  by Twinspan c l a s s i f i c a t i o n .  For  names o f  v e g e t a t io n  type s  c o r re sp o n d in g  t o  
a lp h a -n u m e r ica l  c o d e s ,  see  Appendix  F .
T r a n s e c t
number 49a 49b 46a* 47a 47b 77a 77b 46b* 38a 38b 41a 41b 34a 34b 18a 18b
COr-w
V e g e t a t io n  
ty p e  code dgb dgb dgb dgb dgb dgb dgb dgb dgb dgb d2 d2 d2 d2 d/m2c d/m2c mfg
Twinspan  
g ro u p in g  „
1 Group 1 ------------------- X -
Subgroup 1 A Subgroup 1 B X
T r a n s e c t
number 78b 75a 75b 80a BDb 79a 79b 56b* 42a 42b 35a 35b 65a 65b 63a 63b 76a
V e g e t a t io n  
t y p e  code mfg mfs mfs mfs mfs mfs mfs d/m2c d/m2c d/m2c d/m2c d/m2c mfs mfs mfs mfs mfs
Twinspan
g ro u p in g Group I I ,  c o n t .
Subgroup II A, c o n t .
T r a n s e c t
number 76b 5a 5b 69a 69b 67a 67b 62a 62b 33a 33b 21a* 20a* 68a 68b 57b* 54a*
V e g e t a t io n  
t y p e  code mfs d2 d2 d6 d6 d6 d6 d6 d6 d6 d6 d6 d6 mgbc mgbc d2 mgbc
Twinspan
g ro u p in g Group II, cont.
------------- X -
Subgroup II B
Subgroup II 8 1_______________________________ Subgroup 1 1 8  2
I—*o
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Appendix D. Continued.
number 53a 53b 52a* 48a* 44a 44b 43a 43b 28b* 26a 26b 23a 23b 21b* 20a* 85a 85b
V e g e ta t io n  
ty p e  code mg be mgbc w/m3c d2 d2 d2 d2 d2 mfs mfs mfs mfs mfs d6 d6 d/m2c d/m2c
Twinspan
g rouping Group I I ,  c o n t .
Subgroup II B ,  c o n t .
Subgroup II B 2. cont
T ra n s e c t
number 60a 60b 57a* 83a 83b 81a 81b 70a 70b 64a* 56a* 54b* 50a 50b 28a* 27b* 22b*
V e g e ta t io n  
ty p e  code d2 d2 d2 m5 m5 mgbc mgbc mgbc mgbc m5 d/m2c mgbc mgbc mgbc mfs m5/3c m5/3c
Twi nspan 
group ing Group I I ,  c o n t .
Subgroup II B ,  c o n t .
Subgroup II B 2, cont
T ran sect
number 17a 17b 15a 15b 10b* lb* 55a 55b 52b* 48b* 39a 39b 37a 37 b 36a 36b 16a
V e g e ta t io n  
ty p e  code d6 d6 mfs mfs m5 m/w3c m3 m3 w/m3c d2 d2 d2 d2 d2 d2 d2 mfs
Twinspan
g roup in g Group I I ,  c o n t .
Subgroup II B ,  c o n t .
Subgroup II B 2. c o n t.
I—* 
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Appendix 0. Continued.
Tr an se c t
number I6b 2a 2b 19a 19b 84a* 82a* 24b* 82b* 27a* 13a* 12a 12b 11a l i b 8a 8b
V e g e ta t io n  
type  code mfs d2 d2 d/m2c d/m2c m5/3c m5/3c m3 m5/3c m5/3c m3/5c m5/3c m5/3c m5 m5 m5 m5
Twinspan
g roup in g Group 11, c o n t . Group III
Subgroup 11 B, c o n t . Subgroup III A
Subgroup 11 B 2,  cont Subgroup 111 A 1
Tran se ct
number 7a* 6a 6b 84b* 66a 66b 64 b* 61a 61b 58a 58b 31a 31b 30a 30b 29a 29b
V e g e ta t io n
type
Twinspan
g roup in g
m/w3c m5/
w3c
m5/
w3c
m5/3c m5 m5 m5 m5 m5 m5/3c m5/3c 
Group 111, c o n t .
m3 m3 m5/3c m5/3c m5/3c m5/3c
Subgroup 111 A,  c o n t .
Subgroup 111 A I ,  c o n t .
T r an se c t
.number 22a* 10a* la* 13b* 51a 51b 45a 45b 40a 40b 32a 32b 14a 14b 73a 73b 71a
V e g e ta t io n  
type  code m5/3c m5 m/w3c m3/5c m3 m3 w/m3c w/m3c w/m3c w/m3c w/m3c w/m3c w/m3c w/m3c w3 w3 w3
Twinspan
g ro up in g Group I I I ,  c o n t .
Subgroup III  A ,  c o n t .
Subgroup 111 A 1, cont. ^ Subgroup 111 A 2
Appendix D. Continued.
Transect
number 71b 24a* 59a 59b 25a 25b 9a 9b 7b* 4b* 3a 3b 4a* 74a 74b 72a 72b
Vegetation
type w3 m3 m3 m3 m3 m3 m/w3c m/w3c m/w3c m/w3c m/w3c m/w3c m/w3c mfs mfs mfs mfs
Twinspan
grouping Group III, c o n t .
Subgroup III A. c o n t ._______________________________________ . .  Subgroup 111 B
Subgroup III A 2 ,  c o n t ._____________________________________>
I—»
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Appendix E. Estimated cover of vegetation/land cover types for nine drainages in the ANWR, in hectares (ha) and percent (X). For names of vegetation 
types corresponding to alpha-numerical codes, see Appendix F.
Vegetat ion 
type code
W. Tamayariak Tamayariak Katakturuk Sadlerochit Hulahula Okpilak Jago Okerokovik Niguanak
ha X ha X ha X ha X ha X ha X ha X ha X ha X
d2 8? 2.0 192 4.3 381 10.3 477 10.3 622 13.0 143 3.3 57 1.3 260 6.3 0 0
d/in2c 135 3.3 120 2.7 174 4.7 431 9.3 225 4.7 100 2.3 30 0.7 165 4.0 52 1.3
d6 0 0 299 6.7 185 5.0 0 0 0 0 0 0 0 0 0 0 52 1.3
dgb 41 1.0 31 0.7 111 3.0 310 6.7 96 2.0 130 3.0 57 1.3 82 2.0 52 1.3
dgbb 82 2.0 299 6.7 322 8.7 199 4.3 464 9.7 204 4.7 405 9.3 288 7.0 132 3.3
b 0 0 0 0 0 0 0 0 0 0 56 1.3 0 0 0 0 28 0.7
m3 1096 26.7 893 20.0 815 22.0 893 19.3 1469 30.7 810 18.7 622 14.3 548 13.3 291 7.3
m4 0 0 0 0 0 0 866 18.7 0 0 0 0 0 0 0 0 0 0
m4c 0 0 0 0 0 0 403 8.7 0 0 0 0 0 0 0 0 0 0
m5 369 9.0 567 12.7 556 15.0 463 10.0 445 9.3 260 6.0 752 17.3 548 13.3 1089 27.3
mgbc 193 4.7 460 10.3 26 0.7 0 0 33 0.7 74 1.7 0 0 0 0 80 2.0
mfy 135 3.3 76 1.7 0 0 0 0 0 0 0 0 0 0 54 1.3 28 0.7
mf s 0 0 31 0.7 100 2.7 0 0 0 0 117 2.7 117 2.7 0 0 52 1.3
m3/5c 328 8.0 121 2.7 222 6.0 60 1.3 321 6.7 173 4.0 231 5.3 165 4.0 267 6.7
m5/3c 328 8.0 389 8.7 322 8.7 93 2.0 512 10.7 477 11.0 465 10.7 276 6.7 985 24.7
m5/w3c 82 -2.0 . 31 0.7 0 0 0 0 96 2.0 316 7.3 117 2.7 383 9.3 267 6.7
m/w3c 505 .12.3 . 416 9.3 259 7.0 93 2.0 62 1.3 663 15.3 726 16.7 713 17.3 160 4.0
w/m3c 217 5.3 210 4.7 48 1.3 60 1.3 192 4.0 464 10.7 317 7.3 276 6.7 132 3.3
w3 53 1.3 76 1.7 0 0 32 0.7 96 2.0 87 2.0 117 2.7 111 2.7 108 2.7
snow ♦ water 111 2.7 103 2.3 26 0.7 152 3.3 33 0.7 230 5.3 248 5.7 165 4.0 28 0.7
unk-mgs 340 8.4 147 3.4 159 4.2 93 2.0 129 2.5 30 0.7 87 2.0 82 2.1 187 4.7
Iota 1 4097 100.0 4461 100.0 3706 100.0 4625 100.0 4 795 100.0 4334 100.0 4348 100.0 4116 100.0 3990 100.0
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Appendix F. Alpha-numerical codes and names of vegetation/land cover 
types.
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Code Vegetation/land cover type
d2 Dry Prostrate Shrub, Forb Tundra
d/m2c Dry/Moist Riparian Complex
d6 Dry Partially Vegetated Ridgetop Barren Tundra
dgbb Dry Gravel Bar Barren
b Barren
dgb Dry Partially Vegetated Gravel Bars
m3 Moist Sedge, Low Shrub Tundra
m4 Moist Dwarf Shrub, Sedge Tundra
m4c Moist Dwarf Shrub/Wet Sedge Tundra Complex
m5 Moist Sedge Tussock, Dwarf Shrub Tundra
mgbc Moist Graminoid/Barren Tundra Complex
mfg Moist Streamside Forb, Graminoid Tundra
mfs Moist Forb, Shrub Bluff Tundra
unk-mgs Unknown, Moist Graminoid, Shrub Tundra
m5/3c Moist Sedge Tussock/Non-tussock Sedge Tundra Complex
m3/5c Moist Sedge/Tussock Sedge Tundra Complex
m5/w3c Moist Sedge Tussock/Wet Sedge Tundra Complex
m/w3c Moist/Wet Sedge Tundra Complex
w/m3c Wet/Moist Sedge Tundra Complex
w 3 Wet Sedge Tundra
s & w snow and water
